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In laying this little work before the public, 
the Author has to observe, that the plan of 
it was formed during the period of his em- 

"^ ployment with Messrs. Cottam and Hallen, 
Winsley Street, Oxford Street, London, where 

^ he had frequent occasion to direct his atten- 
tion to the mode of calculating the strength 
and deflexion of beams, and columns, of various 
forms and dimensions, cast by them for bearers 
and supports in buildings and other extensive 
works. To further his object in this respect, 
Mr. Tredoold's valuable Essay oii the Strength 
of Cast Iron was put into his hand ; but not 
having previously consulted the writings of this 
eminent author, the aid thus afforded was in- 
sufficient for the purpose. Mr. Tredgold 
enters largely into the detail and comparison 
of various practical experiments; but from a 
perusal of these details the writer of this work 
did not derive the information he wished, the 
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VI PREFACE. 

immediate object of his' research being to 
determine by calculation the strength and 
deflexion of beams that were to be experi- 
mented upon, previous to being applied to 
their intended purpose. 

The difficulty of obtaining suitable formulae, 
or modes of calculation for any particular case, 
induced the Author to peruse the above-named 
work with some attention, and from this pe- 
rusal the plan of his own performance was 
suggested. It occurred to him that the theory, 
as delivered in Mr. Tredgold's work, might 
be more simply developed, and the formulae 
arising therefrom, collected and arranged in 
such a manner as to enable practical persons 
to refer at once to an expression applicable 
to the very case proposed: this is the chief 
object to which the writer's attention has been 
directed, and he flatters himself that he hai; in 
some measure succeeded. 

The mode of comparison here employed 
for establishing the theory, cannot, it is pre- 
sumed, from its simple and obvious nature, 
be easily misunderstood; the principle is not 
new, but it does not appear to have hitherto 
been adopted as the ground-work of a similar 
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doctrine : the theory of strength^ of defleanan 
and stiffness, as delivered in the foUoVring 
pages, depends entirely upon it ; and by using 
the same experimental results as the author 
above-named, we have in every instance arrived 
at the same conclusions. This is so far satis- 
factory ; for, admitting the material on which 
the experiment was tried to be perfectly free 
from defects, and uniform in every part, the 
formulae deduced from the experimental num- 
bers may be applied in other cases, where the 
material is the same, with mathematical cer- 
tainty ; and even in cases where the material 
is different, the results will be sufficiently accu- 
rate to apprise the engineer of its fitness or 
unfitness for the intended purpose. 

The Author thinks it not amiss to remark 
that, during the progress of the work he has 
consulted no other writer on the strength of 
materials but Mr. Tredgold, and, consequently, 
according as the principles of his prototype 
are true or false, the theory here sought to 
be established must stand or fall. The ma- 
nuscript was submitted to the inspection of 
Thomas Telford, Esq., President of the In- 
stitution of Civil Engineers ; and, but for the 
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encouragement which, he held out, aided by 
the liberality of the publisher, the attempt 
would have been entirely abandoned. 

Having said this much respecting the plan 
and circumstances attending his work, the 
Author submits it to the public eye, with a 
sincere hope that his labours will be useful to 
those persom inquiring on the subject, and 
should the reception of the work be such as 
to occasion the demand for another edition, 
it may experience further improvements. 

29, Hertford Street, Fitzroy Square. 
November 1831. 
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21— 11th line from bottom, /br 1885, read 942 ; and /or 8915, read 9858. 
23— 4th line from top, for 4, read 6. 

7th line from bottom, /or 1080, read 1620. 

5th line from bottom, /or 1080, read 810 ; and /or 80082, read 80352. 

118— 6th line from top, /or >/ 6-208 =2-49, read >/ 63947 =2*52. 

133— 13th line from top, for 7, read '7. 

'167— 13th line from top, for fourth part, read fourth power. 
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ON 



CAST IRON BEAMS, 

WHEN EXPOSED TO A TRANSVERSE STRAIN. 



The doctrine of the strength of materials originated 
with the illustrious Galileo, and since his time many 
eminent mathematicians and philosophers have 
laboured to perfect the theory and to reduce its 
principles to numerical calculation ; but their 
endeavours have chiefly been directed to the dis- 
covery of rules for calculating the ultimate strength, 
or the force excited in the material at the instant of 
fracture, and hence have determined the dimensions 
of beams that will just bfeak with a given strain : 
to those, however, who consider the subject with a 
little attention, it will soon appear, that this limit of , 
strength ought never to be reached in practice, 
for beams should not be exposed to a strain capable 
of producing this effect. 

It has been found, that when a material is loaded 
beyond a certain point, its elastic force is impaired, 
and it loses the power of restoring itself to its 
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2 Transverse Strain. 

natural state when the load is removed ; and Dr. 
Young has justly remarked, that when this is the 
case, the value of the material is destroyed for 
bearing purposes, - because a small addition to the 
straining force is sufficient to increase the de- 
flexion or bending of the beam till fracture takes 
place: hence it appears, that rules designed to assist 
the mechanic in the proper construction of beams, 
should be so framed as to give results within the 
elastic power of the material, for in that case, the 
load to which they are exposed will be sustained 
with safety. 

The subject chosen is cast iron, a material al- 
most universally employed in works where strength 
and durability are objects of consideration ; the 
strain on which we have treated is transverse; the 
data are aerived from experiment, and, conse- 
quently, the rules which we are about to establish 
must partake of the accuracy or inaccuracy of the 
results from which they are derived. 

The forms of beams most commonly exposed to 
transverse strains in practical cases are, the rec- 
tangular^ the square, the cylindrical, the tubular^ the 
grooved, or that which has its transverse section in 
form of the letter I, and the open,* or that whose 

* TJiis is a particular case of the rectangular beam, its longi- 
tudinal section is 
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middle part is entirely left out, with the exception 
of cross stays, to prevent the upper and lower parts 
from coming together : each of these forms or va- 
rieties admits of six cases, distinguished by the 
position of the load and the manner of fixing or 
supporting the beam ; and these are as below : 

1 . Supported at the ends, and loaded in the middle. 





3. Supported at the ends, and loaded uniformly aver 
the length. 





5. Rxed at one end, and loaded uniformly over the 
length. 




6. Supported at the ends, and the load increasing as 
the distance from one of the supports. 




1 



2. Supported at the ends, but the load not in the 
middle. - ^ /a 



a. 



4. -FicTefl? at one end, and loaded at the other. / 






i).- 
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In deriving expressions to involve the strength 
and dimensions of the beams in these several cases, 
a constant number or co-efficient will arise for each, 
having its value dependent on the cohesive force 
and extensibility of the material employed, and 
these constants will apply to similar beams of the 
same material, whatever inay be the dimensions. 
Now, the writers on the resistance of solids have 
shewn, that if the co-efficient for a beam supported 
and loaded as in the first case be unity, those for 
beams supported and loaded as in the other cases 
will be respectively J, 2, ^, \ and |^, (^eeTREDGOLD 
on Cast Iron, art. 106, 111, 114, 116, 118, and 122); 
therefore, whatever constant is derived from ex- 
periment for the first case, the others must bear 
such proportion to it as the above numbers do to 
unity. 

This being premised, we shall proceed with the 
solution of the following problems : 

Problem I. To determine an expression for the di- 
mensions of a uniform rectangular beam of cast- 
irony to bear a given load; the length of the beam 
being given^ and the elastic force of the material 
remaining perfect . 

It is proved by the writers on mechanics, that 
the lateral strength of a rectangular beam is directly 
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as its breadth and square of the depth, and inversely 
as its length {see Tredgold on Cast Iron, art. 79) ; 
. hence we infer, that the breadth drawn into the s(Juare 
of the depths divided by the length drawn into the load, 
is a constant quantity; therefore, if the strength of a 
beam, whose dimensions are known, be accurately 
determined by experiment, the strength of beams of 
the same ^naterial, and of any pther dimensions, can 
be easily found. 

For, let B, D, L and W, be the breadth, depth, 
length and weight used in the experiment, and 
b, dy I and w, those for which the calculation is 
made, then, from what has been stated above, we 
have BD*-r-LW= bd^ -r- Iw, which, by reducing 
the fractions, becomes /wBD' = hWbd^. Now, 
it has been found, by very accurate experiments, 
that a bar of soft gray cast iron, 1 inch square 
and 34 inches between the supports, will bear a 
load of 300 lbs. in the middle of its length, while 
the elastic force remains perfect (see Tredgold on 
Cast Iron, art. 45) ; therefore, by substituting these 
numbers in the preceding equation, and taking 
the length in feet, we get 12 /m? = 10200 Arf*, 
and dividing both sides of this equation by 12, we 
obtain 

1. When the beam is supported at the ends, and 

loaded in the middle, 

Iw = 850 bd\ 
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2. When the beam is supported at the ends, but the 

load not in the middle. Let m and n be the segments 

into which the length of the beam is divided by the 

direction of the straining force ; then, because the 

strain at the point where the load is applied, is 

proportional to the rectangle of the . segments into 

which the length of the beam is divided at that 

point {see Tredgold on Cast Iron, art. 100, or 

Gregory's Mechanics, . vol. i. art. 178, cor. 2),* 

it is, when compared with the strain in the last 

case, 

mnw = 2\2\lbd^. 

3. When the beam is supported at the ends, and 
loaded Uniformly over the length. It is a known fact 
in mechanics, that the strain produced by a load 
uniformly diffused throughout the length of a beam. 



* Thii^ is an important property in the construction of cast iron 
beams : from it we learn, that the cross section may be diminished 
from the point of greatest strain towards the supported points, in a 
certain ratio, without any diminution of useful strength; and 
hence, a great saving of the material can be effected, or a con- 
siderable accession of strength obtained with the same quantity of 
material; but recollect that the stiffness of the beam is diminished 
when moulded after this manner. The breadth of the beam re- 
maining constant, the outline of the depth, when formed according 
to the analogy, is an ellipse ; {see Tredgold on Cast Iron, 
art. 155); in which case, the same formulee are to be applied as 
when the beam is uniform throughout the length. 
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is the same as if half that load were applied at the 
middle point; (see Tredgold on Cast Iron, art. 102); 
therefore, by comparing it with the strain in the first 
case, it is 

iw = noo bd\ 

4. When the beam isjixed at one end, and loaded at 
the other. The effect of the straining force in this 
case, is obviously four times as great as in the first ; 
therefore, by comparison, we have 

lw=i 2\2\bd\ 

6. When the beam is fixed at one end, and loaded 

uniformly over the length. Here the effect of the 

load is the same as if one half of it were collected at 

the extremity of the beam ; hence, by comparison, 

we have 

lw = 425 bd\ 

6. When the beam is supported at the ends, and 
the load increases as the distance from one of the 
supports. The effect of the load in this case, is very 
nearly the same as we have stated it to be in the 
third ; consequently, the same formula may be used 
in practice without sensible error : but mechanical 
writers have proved, that the real effect is equivalent 
to what would be produced if ^f of the load were 
applied at the point of greatest strain ; (see Tred- 
GOLD on Cast Iron, art. 103); hence, by com- 
parison, we get 

Iwzz 16461 bd\ 
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Note. When the breadth b is to the depth 
d as unity is to x, s representing any number 
at pleasure^ the formulae for the several cases 

become 

1. Iwa^ = 850rf', , 

2. mnwx = 212\ Id", 

3. Iwx = 1700 (/», 

4. Iwx = 212irf*, 

5. Iwx = 425</', 

6. Iwx = 1646f rf\ 

And when the beam is a square, or the breadth b 
equal to the depth rf, b d^ becomes d^ ; therefore, if 
d^ be substituted for b d^ in each of the foregoing 
cases, the resulting equations apply to square 
beams when the direction of the straining force is 
parallel to the side : or, putting s for the side of the 
square, the formulae for the several cases are, as 

below : 

1. Iw- 850^, 

2. mnw = 212i/^^ 

3. /m;= 1700 ^^ 

4. Iw = 212i^', 

5. Iw zz 425*', 

6. Iw = 1646^^. 

From which it appears, that the transverse strength 
of a square beam, when the strain is parallel to the 
side, is directly as the cube of the side, and inversely 
as the length of the beam ; but when the force acts 
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in the direction of the vertical diagonal, the equations 
must be derived from the following problem : 

Prob. II. To determine an expression for the side of a 
square beam of cast iron, to hear a given load, when 
the direction of the straining force coincides with the 
vertical diagonal; the length of the beam being 
given, and the elastic force of the material re- 
maining perfect. 

We have seen by the note to the foregoing 
problem, that the transverse strength of a square 
beam, when the strain is parallel to the side, is 
directly as the cube of the side and inversely as the 
length of the beam; and the writers on mechanics 
have proved, that the strength of a beam in this 
position, is to the strength when the strain coincides 
with the diagonal, as 1 is to 1 divided by the square 
root of 2 ; (see Teedgold on Cast Iron, art. 80); for 
if s represent the side of a square, s ^/2 \s the 
diagonal, and by comparing this with the first 
case in the note to the last problem, we have 

1 : -^ : : 850^ : 601 ^^ or, by taking the even 

number 600, which is sufficiently accurate for prac- 
tical purposes, we obtain 

1. When the beam is supported at the ends, and 
loaded in the middle, . 

Iw = 600 j\ 

2. When the beam is supported at the ends, but the 
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load not in the middle, we have, as in the second 
case of problem first, 

mnw :=. 150/^. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Iw- 1200^. 

4. When the beam is Jixed at one end, and loaded 

at the other, 

Iw = 150 ^^ 

5. When the beam is jixed at one end, and loaded 
uniformly over the length, 

Iw = 300^'. 

6. When the beam is supported at the ends, and 
the load increases as the distance from one of the 
supports, 

lw:=: 1162ij'. 

Prob. III. To determine an expression for the dia- 
meter of' a cylindric beam of cast iron, to bear a 
given load; the length of the beam , being given, 
and the elastic force of the material remaining 
* perfect. 

It is demonstrated by writers on mechanics, that 
the transverse strength of a cylindric beam is di- 
rectly as the cube of the diameter and inversely as 
the length, and, moreover, that its strength is to the 
strength of its circumscribing i^quare as 4*71 to 8; 
{see Tredgold on Cast Iron, art. 81) ; hence, by 
comparison, we have 8 : 4*71 : : 850 : 500 very 
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nearly ; therefore, if d be put for the diameter of 
the cylinder, we obtain 

1 . When the beam is supported at the ends, and 
loaded in the middle, 

Iw- 600 d\ 

2. When the beam is supported at the ends, but the 
load not in the middle, 

mnw :=• 125 /fi?^. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Iw = 1000 fif'. 

4. When the beam isjixed at one end, and loaded at 

the other, 

lw=i 125 rf^ 

5. When the beam is Jixed at one end, and loaded 
uniformly over the length, 

Iw- 250 if. 

6. When- the beam is supported at the ends, and the 
load increases as the distance from one of the supports, 

/t(; = 968|(/^ 



Prob. IV. To determine an compression for the ex- 
terior diameter of a cylindrical tube of cast iron, io 
bear a given load; the thickness of metal and length 
of the tube being given, and the elastic force of the 
material remaining perfect. 

Let d be the exterior diameter of the tube, and t 
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the thickness of metals then will d-^^t be the dia- 
meter of the hollow part : put p a fraction such, that 
pd=d'-2t, then, by the first case of the last problem, 
the strength of a solid cylindric beam, having the 
diameter rf, is as 500 rf^ and the strength of a beam 
having the diameter /?flf is as 500 p^d^; consequently, 
the strength of the tube or fistular column, is as 
the difference of these expressions, that is, as 600 c?' 
(1—/?^) ; but by reason of the increased resistance of 
the inner fibres, when the metal is expanded into a 
tube, the strength is accurately as 500e/'(l— ^*); 
hence, the general expression for the beam, when 
supported at the ends and loaded in the middle, is 

lw=500d'(^l^p^). (A) 

This equation, when modified for the other cases 
of the problem, is applicable to the calculation of 
beams that have already been constructed; but in 
practice, when beams are required to be estimated 
by calculation, previously to their formation, it is 
preferable to assume some proportion between the 
parts, as between the exterior and interior diameters 
in the present instance. But the best proportion 
that can be assigned, is evidently that which gives 
the greatest strength with the least quantity of ma- 
terial, and the writers on the resistance of solids have 
shewn, that when a certain portion of metal is ex- 
panded into a tubular form, its strength is increased 
in the ratio of the diameters of its cross section, and 
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the greatest excess of strength that can safely be 
attained on account of the flaccidity of the material, 
is double of that which obtains in the solid state ; 
(see Tbedgold on Cast Iron, art. 83). Now, it is 
easy to shew, that when the strength of the tube is 
double that of the solid cylinder containing the same 
quantity of metal, the exterior diameter is to the 
interior nearly as 1 is to 0'7166, that is, jp= 0-7166; 
therefore, by substituting this value of p in the 
general expression marked (A), we obtain 

1. When the beam is supported at the ends, and 
loaded in the middle, 

Iw = 368fl?\ 

2. When the beam is supported at the ends, but the 
load not in the middle, 

mnw = 92 1 d^. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Iw = 736d\ 

4. When the beam isjixed at one end, and loaded at 

the other, 

Iw = 92rf'. 

' 5. When the beam is fixed at one end, and loaded 
uniformly over the length, 

Iw = lS4d\ 
6. When the beam is supported at the ends, and the 
load increases as the distance from one of the supports, 

iw = 713d\ 
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Prob. V. To determine an expression for the dimen- 
sions of a grooved beam of cast iron, to bear a given 
load; the length of the beam being given, and the 
elastic force of the material remaining perfect. 

Let b be the greatest breadth of the beam, or the 
breadth of the upper and lower parts, d the whole 
depth, B the breadth of the middle part, and D its 
depth, then, A — B and rf — D are respectively the 
breadth and depth of the projections : take p and q 
two fractions such, that /? rf = D and y A = A — B ; then 

D h -/R 

J9 = -T and q = — ^. Now, the strength of a beam of 

the present form, is evidently equal to the difFereiice 
between the strength of a beam whose breadth is b 
and depth d, and that whose breadth \& qb and 
depth pd; that is, the strength of a grooved beam 
is as 850 6rf*(l — 5^/>*), which expression, when cor- 
rected for the effect of extension, becomes 850 b d^ 
(1 — qp^)* Hence, the general expression for a grooved 
beam, when supported at the ends, and loaded in the 
middle of its length, is 

lw=. ^bObd^l-qp"). (B) 

But in order that this equation may be rendered 
available in practice, it becomes necessary to assign 
particular values to the letters p and q, so that the 
proportions deduced from calculation, may give the 
greatest increase of strength with the least in^crease 
in the quantity of material, lip be taken equal 0*7 
and q equ^il 0*625, fractions which answer very well 
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in practice; (^ee Tredgold on Cast Iron, art. 150) ; 
then, by substituting these values for p and q in the 
general expression marked (B), we obtain 

1. When the beam is supported at the ends^ and 
loaded in the middle^ 

Iw = m%bd\ 

2. When the beam is supported at the ends, but the 
load not in the middle, 

mnw ^ 167 lb d^. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Iw = 1336 irf^ 

4. When the beam isjixedat one end, and loaded at 

the other, 

Iwzz \67bd\ 

• * 

5. When the beam is Jixed at one end, and loaded 
uniformly over the length, 

lw = 334AflP. 
(5. When the beam is supported at the ends, and the 
load increases as the distance from one of the supports, 

Iw = 1294^ bd\ 

Prob. VI. To determine an compression for the dimcn- 
sions of an open beam of cast iron, to bear a given 
load; the length of the beam being given, and the 
elastic force of the material remaining perfect. 

Let b be the breadth, d the whole depth, and D 
the depth of the open part, and put/> a fraction such, 
that jp rf = D ; then will /> = D -^ rf. Now, the 
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strength of a beam of this form, is evidently equal to 
the difference between the strength of a beam, hav- 
ing the breadth b and depth d^ and another having 
the breadth b and depth /?^; that is, the strength of 
an open beam is as 850ifl?*(l —/>*), which, being 
, modified for the effect of extension, becomes 850 irf* 
(I — p^). Hence, the general expression for an open 
beam, when supported at the ends and loaded in 
the middle, is 

/t£?=850 6^/*(l -/). (f:) 

Here, again, as in the two preceding problems, 

we have to assume a particular value oip. Let this 

assumed value be 0*7, as in Problem V. which being 

substituted in the expression marked (C), we obtain 

1. When the beam is supported at the ends, and 
loaded in the middle. 

Iwzz 55S bd\ 

2. When the beam is supported at the ends, but the 
load not in the middle, 

mnw - 139i /*</*. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Iw- 1116*^*. 

4. When the beam isjixed at one end, and loaded at 

the other, 

Iwzz 139i bd\ 

5. When the beam is Jixed at one end, and loaded 
uniformly over the length, 

Iw- 279 bd\ 
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6. When the beam is supported at the ends, and the 
load increases as the distance from one of the supports. 

lw= 1081^ hd\ 

Note, The observations which we made in the 
note to Case 2 of Problem I. apply equally to the 
form of beams in this and Problem V. preceding. 

If the constants which we have derived for the 
several cases of each problem be compared with one 
another, it will be seen that they bear precisely the 
same relation among themselves as we stated in the 
premises, viz. that they are as the numbers 1, ;J, 
2, |, ^ and -f-^. Now, the constant for the first case 
of each problem, being obtained by considering the 
mechanical effect of the load when applied at the 
middle of the beam, or at the point of greatest strain, 
the others are derived from it, by simply multiplying 
by the preceding numbers ; but the reader will more 
clearly perceive the relation, by tracing in detail the 
several cases of the first problem. 

From the preceding formulae, the particular cir- 
cumstances respecting beams exposed to transverse 
strains from pressure or weight can be calculated, 
but for the convenience of reference and comparison, 
we shall exhibit the results in a tabular form, to- 
gether with the section of the beam to which each 
class of equations more immediately applies. 

Note. In the tabulated forms, we shall take the 
constants to the nearest unit only, omitting the frac- 
tions as being inconsiderable in practical cases. 
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Table of Formula for calculating the Strength and Dimen- 
sions of Cast Iron Beams, when exposed to Transverse 
Strains from Pressure or Weight. 



1 
2 
3 
4 
5 
6 



1 
2 
3 
4 
5 
6 



1 
2 
3 
4 
5 
6 



Rectangular Beams, 



Iw- 
mnWi 
Iw- 
Iw- 
Iw. 
Iw: 



S50bd^ 
2l2lbd^ 
1700 6^2 

: 212 6^2 
; 425 6^2 

1647 6^2 



SqtMre Beams** 



Iw- 
mnw- 
Iwi 
Iw. 
Iw. 
Iw. 



; 600 5' 

150 fs^ 

1200 s» 

150 s^ 

300 5* 

1162 s» 



Cylindrio Beams. 



Iw- 
mnw. 
Iwi 
Iw. 
Iw. 
Iw. 



500 d^ 

125 Id^ 

lOOOd* 

125 d^ 
250^3 

969^3 



Form of 
Section. 
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Form of 
Section. 




Form df 
Section. 




Tubular Beams. 



1 
2 
3 
4 
5 
6 



1 
2 
3 
4 
5 
6 



1 
2 
3 

4 
5 
6 



Iw- 
mnw. 

Iw. 

Iw- 

Iw. 
^ Iwi 



i368 d3 
: 92 Id^ 
736 d^ 
I 92 d» 
:184d3- 

« 

:713d» 



Form of 
Section. 




Grooved Beams. 



Iw- 
mnw- 
Im 
Iw. 
Iw. 

IW' 



668 b d^ 
167 1 bd^ 
1336 bd^ 

: 167 bd^ 

'. 334 bd^ 
.1294 bd^ 



Open Beams. 



lwt= 55Bbd^ 
mnw^ I39lbd^ 
lwz:zin6bd^ 
lw=z 139 bd^ 
Iw^ 279 bd^ 
/tt;=10816d2 



Form of 
Section. 




Form of 
Section. 
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*■ This class of equations apply to square beams when the direction of the 
straining force coincides with the vertical diagonal. 
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To the reader who is dcquainted with the re- 
duction of algebraic equations, the formulae as tabu* 
lated above are quite sufficient, the arrangement 
being so simple, that the value of the unknown term 
can be obtained at a single , glance ; but to those 
who are not acquainted with the elements of that 
science, a further illustration of the subject becomes 
necessary, and for this purpose we select the fol- 
lowing examples : — 

Prop. I. The form and dimensions of the beam being 
given^ to calculate the load that can be sustained^ 
without destroying the elastic force of the material. 

Ea^ample 1. What weight will a rectangular beam 
of cast iron 2 inches broad, and 12 inches deep» 
sustain at the middle of its length, the distance 
between the supports being 20 feet ? 

Here, the beam is rectan^lar^ supported at the 
ends and loaded in the middle ; consequently, the 
formula of calculation is No. 1 Problem I. or No. 1 
of the tabulated class for rectangular beams, viz. 

Now 6 = 2 inches, rf = 12 inches, and / = 20 feet : 
let these numbers be substituted in the equation for 
b, d and /, and it becomes 

20tt; = 850x2 X 144, 
or, 20 w = 244800 ; 

^u 1. • ' 244800 ioo>irMu 

that IS, w = -"20^- = 12240 lbs. 
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But the weight of the beam itself is 1600 lbs. and 
this is equivalent to 800 lbs. acting at the middle 
point; therefore, 12240-800 = 11440 lbs. the 
load which the beam will sustain with safety. 

^ Example 2. A cast iron beam, 6 inches square 
and 20 feet long, is supported at the ends with one 
of its diagonals vertical ; what load can be sus- 
tained by it, when applied at a point 8 feet from one 
support and 12 feet from the other? < 

In this example the beam is square, supported 
at the ends, but the load not in the middle, and 
the direction of the straining force . coincides with 
the vertical diagonal ; this corresponds with the 
second case of the second problem; or No. 2 of the 
tabular class for square beams, viz. 

mnw -=. \60ls^. 
No>j ^ = 6 inches, / = 20 feet, w = 8 feet and w= 12 
feet; let these values of ^, /, ;;2 and n be substituted 
in the equation, and it becomes 

8x 12xtt;= 16bx20x6^ 

or, 96 w = 648000 ; 
., . . 648000 . ^«c/Mu 

that IS, w =: — gg— = 6750 lbs. 

But the weight of the beam is 2400 lbs. and this is 
equivalent to 1152 lbs. acting at the point where 
the load is applied; therefore, 6750 — 1162 = 
5598 lbs. the load which the beam will sustain, 
without having its elastic force destroyed. 



Transverse Strain. "1\ 

Example Z. A solid cylindric beam of cast iron 
6 inches diameter, is supported at both ends, and 
loaded uniformly over the length ; what weight will 
it bear, the distance between the supports being 20 
feet? 

Here, the beam is 'cylindrical, supported at the 
ends and loaded uniformly over the length ; this 
agrees with Case 3, Problem III. or No. 3 of the 
tabular class for cylindric beams : the formula is 

/«;= 1000rf^ 
Now rf = 6 inches and / = 20 feet ; let these num- 
bers be substituted for d and / in the equation, and 

it becomes 

20t^= 1000 x6\ 
or, 20m; = 216000; 

^, . . 216000 tr^ar^r. lu 

that IS, w = ~2Q— = 10800 lbs. 

The weight of the beam is 1885 lbs ; therefore, 

10800 - BOB = Sfit lbs. the load that the beam ^ ^ ^/ 

will bear with safety^ ^ (P J^ iPj ^ 

Example 4. A tubular beam of cast iron, having 
its exterior diameter 6 inches, is fixed in a wall at 
one end, and loaded at the other ; what weight will 
it bear, supposing its length to be 8 feet ? 

In this example the beam is tubular, fixed at 
one end and loaded at the other ; this agrees with 
Case 4, Problem IV. or No. 4 of the tabulated class 
for tubular beams : the formula is 

Iw = 92rf?. 
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Now d ^ 6 inches and / = 8 feet ; let these num- 
bers be substituted for d and I in the equation, and 

it becomes 

8 Iff = 92 X 6', 
or, 8 to = 19872; 

that is, w = — - — = 2484 lbs. includ- 

o 

ing the weight of the tube ; or rather, a weight 
which being applied at the extremity will produce 
the same effect. 

Note. The preceding result, arising from the 
tabular equation, is obtained on the supposition 
that jt> is a constant quantity, and equal to the frac- 
tion 0*7166, in which case, the diameters have con- 
stantly the same relation to each other ; but it may 
frequently happen, that the ratio of the diameters 
varies from thlat for whidi the tabulated form has 
been derived^ and then recourse must be had to 
the general equation (A), Problem IV. where p is 
always the quotient that obtains, when the interior 
diameter is divided by the exterior diameter of the 
tube. 

We may also remark, that on account of the 
plan of our arrangement, We have been compelled, 
in the present instance, to illustrate a case that is 
not likely often to occur in practice, because tubes 
are seldom used in the manner implied in the 
example ; but our present object being to shew 
how the equations are to be applied, we see no 
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reason for deviating from the plan that we have laid 
down ; the skilful mechanic, however, will easily 
discriminate the useful practical applications. 

Ex'ampk 6. A grooved beam of cast iron, *s. G/ 
inches broad and 18 inches deep, is fixed in a wall 
at one end, and loaded uniformly over the length ; 
what weight will it bear, supposing its length to be 
8 feet ? 

Here, the beam is grooved, fixed at one end, 
and loaded uniformly over the length ; this answers 
to Case 5, Problem V. or No. 5 of the tabular class 
for grooved beams : the formula is 

Iw = mUd\ 
But i = 6 inches, cf = 18 inches, and / = 8 feet; 
let these numbers be substituted for 6, d and / in the 
equation, and it becomes 

8w = 334 X 6 X \%\ 
or, 8tt; = 649296; 

that is, w = — g — = 81162 lbs. the whole 

load that the beam ought to sustain ; but the 
weight of the beam is Iflfeu lbs. therefore, the ot/ 
weight with which it ought to be loaded is 81162 
- Wte = 80/^2jbs,_ _^jy iP J 

Note. The foregoing result arises from the sup- 
position that p and q are constant quantities, and 
equal respectively to the fractions 0-7 and 0*625, in 
which case, the parts of the beam have always the 
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same relation to each other, whatever may be the 
magnitude of those parts ; it does, however, fre- 
quently happen that no such relation exists be- 
tween the parts, and then the solution must be 
sought from the general equation (B) Problem V. 
where p is the depth of the grooved or middle part, 
divided by the depth of the beam, and q the differ- 
ence between unity and the breadth of the groove, 
divided by the breadth of the beam. 

^^xample 6. An open beam of cast iron, 3 inches 
broad, IS inches deep, and 20 feet long, is sup- 
ported at the ends, and loaded in such a manner 
that the weight increases as the distance from one 
of the supports. 

In this example, the beam is open, supported at 
the ends, and the load increasing as the distance 
from one of the supports ; this corresponds to Case 
6, Problem VI. or No. 6 of the tabular class for open 
beams : the formula is 

Iw = 1081 3rf^ 
Now 3 = 3 inches, rf = 18 inches, and / = 20 feet; 
let these values be substituted for 3, d and / in the 
equation, and it becomes 

, 20WZZ 1081 x3x l8^ 
or, 20 m; = 1050732; 

that is, w = ^~- - 525361- lbs. = the whole 

load sustained, including the weight of the beam. 
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It is presumed, that the preceding examples will 
be found sufficient for exemplifying the method of 
computing the load, when the dimensions of the 
beam are known : we shall next shew, in what 
manner the dimensions of breadth and depth are to 
be calculated, the length and the load being givea^ 
together with the breadth when the depth is wanted, 
or the depth when the breadth is wanted ; it being 
necessary, that three things should be given when 
four are concerned in the inquiry, or two given 
when only three are concerned. 

In the application of beams to practice, the length 
is always limited l)y the circumstances of situation^ 
and the load to be sustained is estimated from the 
conditions of construction ; therefore, in what fol- 
lows, we shall consider these data as being known. 

Prop. II. The^orm and length of the beam being given, 
to calculate the breadth and depth to sustain a given 
load, without destroying the elastic force of the 
material. 

Example 1. What must be the breadth of a cast- 
iron rectangular beam, to bear a weight of 12240 lbs. 
in the middle of its lengthy when supported at the 
ends, the distance between the supports being 20 
feet, and depth of the beam 12 inches? 

The beam is rectangular, supported at the ends 
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and loaded in the middle ; this agrees with Case I , 
Problem I. or No. 1 of the class for rectangular 
beam^ : the formula is 

Iwzz S50 bd\ 
But to = 12240 lbs. / = 20 feet, and rf = 12 inohes ; 
let these numbers be substituted in the equation for 
w, I, df and it becomes 

12240x20 = 850x 12«x6, 
that is, 244800 = 122400 b ; 

therefore, b = Y22400 ^ ^ inches, the breadth 

sought. 

Let us next suppose the breadth is given equal 
2 inches, and that it is required to calculate the 
depth ; substitute the numbers for the weight and 
length as before, only, instead of the depth, we have 
here to substitute the breadth, and it becomes 

244800 = I700rf% 

,2 244800 ,.- 
^^>^ =-1700- =14^5 



hence c? = v 144 = 12 inches, the depth sought. 

E:f;ample 2. Find the side of a square beam, 
under the conditions specified in Case 2, Problem II. 
the length being 20 feet, and a load of 6750 lbs. 
being applied at a point 8 feet from one support and 
12 feet from the other. 

The formula is No. 2 of the class for square 
beams, viz. 
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mnw = 160/^. 

Here w = 6760 lbs. / = 20 feet, wi =i 8 feet, andn 
zz 12 f(6et ; let these values be substituted for 
w, /, m and n, and our equation becomes 
8x12x6750- 160x20x^; 

That is, 648000 = 3000 s", 

^ _ 648000 _ . 



therefore *= v'216 = 6 inches, the side of 

the square sought, and 6 V2 = 8*4852 inches, is 

the diagonal, in the Erection of which the force 

acts. 

Example 3. Find the diameter of a cylindtic 

beam, under the conditions specified in Case 3, 

Problem III. its length being 20 feet, and a load of 

10800 lbs. uniformly distributed over the length. 

The formula is No. 3 of the class for cylindric 

beams, viz. 

Iw = 1000 rf\ 

In this example, w = 10800 lbs. and / = 20 feet ; 
let these values be substituted for to and / in the 
equation, and it becomes 

10800 X 20= 1000 rf', 

' . „ 216000 ^.^ 

that IS, rf^=-jj|QQ-=216, 

or rf=* ^216 = 6 inches, the diameter sought. 

Example 4. Find the exterior diameter of a 
tubular beam, under the conditions specified in 



28 Transverse Strain* 

Case 4, Problem IV. its length being 8 feet, and 
having a load of 2484 lbs. applied at its extremity. 
The formula is No. 4 of the class for tubular beams, 
viz. 

Here / = 8 feet and w = 2484 lbs. let these num- 
bers be substituted for / and w in the equation, and 
it becomes 

.8x2484 = 92<i*; 
that is, 19872 = 92 </*, 

„ 19872 ^ ^ 

orrf'=— 92-=216; 
: hence d:^ .^216=6 inches, the diameter sought. 

« 

Note. The observations in the note to Example 
4, Prop. I. will apply in the same manner to this 
example. 

Example 5. Find the breadth of a grooved 
beam of cast iron, to bear a load of 81162 lbs. 
equally diffused over its length, under the conditions 
specified in Case 5, Problem V. the length of the 
beam being^8 feet, and its depth 18 inches. 

The formula is No. 5 of the class for grooved 

beams, viz. 

lw = 334 bd\ 

Here w = 81162 lbs. /= 8 feet, and ^=18 inches. 
Substitute these numbers in the equation for w^ I 
and^ d, and it becomes 
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81162x8 = 334xl8'xi; 
that is, 649296=108216 3, 

, 649296 ^ , . ,, , ,,, 

or 6= ^08216 ^^ inches, the breadth 

required. 

Again, let us suppose that the breadth is given 
equal to 6 inches, and that it is required to calcu- 
late the depth. Substitute the numbers for the 
load and length, as before; only, instead of the 
depth we have to substitute the breadth, and our 
equation becomes 

649296 = 2004 rf% 

„ 649296 ' ^^ 

orrf^='-2004r=324; 

hence rf= V324 = 18 inches, the depth sought. 
{See Note to Example 5, Prop. I.) 

Example 6. Find the breadth of an open beam, 
under the conditions described in Case 6, Protlem 
VI. its depth being 18 inches, length 20 feet, and 

load 625361- lbs. 

The formula is No. 6 of the class for open 

beams, viz. 

/«;=108U/i*. 

In this example, / = 20 feet, </ = 18 inches, and 
to = 625364^ lbs. let these values of /, d and w be 
substituted in the equation, and it becomes 
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52636A X 2O1;: 1081 x 18' x * ; 
that is, 1050732 = 360244 b, 

^ . 1050732 ^ . • ^ . 

or = 35Q244 = 3 inches, the breadth 

required. 

Let us now suppose that the breadth is given 
equal to 3 inches, and it is required to find the 
depth. Substitute for the length and the load as 
before, but instead of the depth substitute the 
breadth, and the equation is 

1050732 = 3243 rf*; 

. ^^ 1050732 ^^, 

that is, rf* = —3243- = 324 . 



Hence £^ = >/ 324= 18 inches, the depth sought. 

It is presumisd that what we have now done, will 
be found sufficient to enable the attentive reader to 
perceive the manner in which the formulae generally 
are to be applied ; but, to render the work more ex- 
tensively useful, we shall give a table of constants, 
to be substituted in the several classes of the pre- 
ceding equations, for calculating the strength and 
dimensions of wrought iron and wooden beams, 
such as are usually employed for architectural and 
mechanical purposes^ 
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The numbers in this Table have been calculated 
from the relative strength of the several materials 
as compared to cast iron^ and the following exam- 
ple will shew the manner in which they are to be 
used. 

A rectangular beam of American pine^ 3 inches 
broad, 18 feet long, and supported at the ends, is 
required to bear 13440 lbs. uniformly distributed 
over the length : what must be the depth ? 

The formula for a cast-iron beam so circum- 

stanced, is No. 3 of the class for rectangular beams, 

viz^ 

Iw- 1700 bd\ 

and the constant for the same number and class of 
pine-beams in the preceding Table, is 425. Let this 
be used instead of 1700, and substitute the given 
weight, length and breadth, and we have 

241920= 1275 ^^ 

or rf= >^-Y^^=13f inches nearly, 

the depth of the beam. 

In the foregoing pages we have shewn the 
method of calculating the particulars of the most 
common forms of cast iron beams, when exposed 
to transverse strains from pressure or weight ; and 
have, by means of a table of constants, applied the 
same principles to calculate the particulars of simi- 
lar beams of wrought iron, and several species of 
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wood : yet there are other forms, which, although 
less useful, may occasionally occur in practice, such 
as the following ; viz., those having the transverse 
sections elliptical and triangular, and that form so 
commonly used, havigg its transverse section in 
form of the letter T. We have deferred treating on 
these forms till now, not merely because they did 
not range with the general plan, but more especially 
as the elliptical and triangular sections, unless corn-* 
pelled by the circumstances of situation, are seldom 
resorted to for bearing purposes, and the third or T 
form being objectionable as respects economy. But 
that nothing may be wanting to satisfy the general 
reader, we shall illustrate the above forms in the 
following problems. 

Problem VII. To determine an ea^ression for the 
dimensions of an elliptical beam of cast iran, to 
bear a given load; the length of the beam being 
given y and the elastic force of the material remain- 
ing perfect. 

It is easy to see that this problem admits of two 
cases : — 

1st, When the strain is in the direction of the 
conjugate axis. 

2d, When the strain is in the direction of the 
transverse axis. 

First, then, when the strain is in the direction 
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of the conjugate axis. By comparing equations 16 
and 17, (arts. 81 and 82, Tredoold on Cast Iron), it 
appears, that if the diameter of a cylindrid^beam be 
equal to the conjugate axis of the cross section of 
an elliptic beam, the strength of the latter is to that 
of the former, as the transverse axis of the elliptic 
section is to the conjugate axis : _ hence, for the 
several cases of the problem, as respects the posi- 
tion of the load and the manner of supporting or 
fixing the beam, we have the following equations : — 

1. lw= 500tc\ 

2. mnw= 125 1 t(f. 

Section. 

3. Iw-I000tc^\ 




4. lw= I25tc\ 

5. Iw- 260^c^ 

6. Iw- 968|^fc^ 

Where t is the transverse, and c the conjugate axis 
of the elliptic section. 

Second, when the strain is in the direction of 
the longer axis of the ellipse, the formula for the 
several cases will be as under: — 

1. Iw- 500cf, 

2. mnwzz 126/c<^ 

3. /m?=1000c^^ 

4. Iw- \25ct\ 

5. Iw- 250c^% 

6. Iw- 968|c^^ 



Section, 




■ I ■ ■■ 



^ 
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Where t and c are the transverse and conjugate 
axes^ as before. 

' Problem VIII. To determine an ej^ession far the 
dimensions of a triangular beam of cast iron, to 
bear a given load; the length of the beam being 
given, and the elastic force of the material remain- 
ing perfect. 

Mr. Tredgold, in his Essay on Cast Iron, 
(art. 86"), has shewn, that the strength of a trian- 
gular beam is to that of its circumscribing rectan- 
gular one, as 339 to 1000; but the constant for the 
first case of the rectangular beam is 850, (see Case 1, 
Problem I.): therefore it is 

1000 : 860 : : 339 : 288. 
Hence the formula for the several cases of the trian- 
gular beam are, 

2. mnw— 72 1 bd\ 



3. I w= 576 bd\ 

4. lw= 72bd', 

5. lw=U4bd*, 

6. lv>=558bd\ 



Section. 



Where b is the base, and <;^"the perpendicular depth 
of the triangular section. 

See/-i'i/ii. 
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Problem IX. To determine an expression for the 
dimensions of a cast iron beam, to bear a given 
load; the length of the beam being given, its 
transverse section in form of the letter T, and the 
elastic force of the material remaining perfect . 

Let p and q be assumed as in Problem V. ; then, 
from principles nearly similar to those employed 
for calculating the general equation to that problem, 
we obtain 

, l-^ 




This expression is very prolix, but it will not 
admit of a simpler arrangement; and, in fact, it is 
not difficult to reduce, for the numerator of the 
general fraction being the same as the numerator 
of the fraction under the radical sign, renders the 
reduction somewhat more easily effected than it 
would be if they were different quantities. 

By assuming particular values for p and q, the 
formulae for the several cases of the problem will be 
greatly simplified. Mr. Tredgold makes/? = '6 and 
y =; '75 ; {see his Essay on Cast Iron, art. 85^) ; in 
which case the strength of a beam of this form is to 
that of its circumscribing rectangle, in the ratio of 
5 to 12 : therefore 
it is 12 : 6 : : 850 : 364. From which we get 



n 
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1. lw=354bd\ 

2. mnw=88ilbd', 

3. I w=708 bd*, 

4. lw=SB^bd', 

5. Iwzzl77bd', 

6. lw=6B6bd\ 



Section. 

± 



Where b is the whole breadth, and rf the whole 
depth of the section. 

We abstain from giving examples to these pro- 
blems, because, what we have done in the former 
part of the work, is quite suflScient to enable the 
intelligent reader to reduce any of the cases which 
we have just illustrated. 



ON 



THE DEFLEXION AND STIFFNESS 



OF 



CAST IRON BEAMS 



EXPOSED TO TRANSVERSE STRAINS. 



Problem X. To determine an expression for the 
dejiexion of a uniform rectangular beam of cast iron, 
when the strain is equal to the elastic force of the 
material, or, according to Tredgold, 15300 lbs. 
on a square inch. 

It is suflSciently proved by experiment, (see 
Tredgold on Cast Iron, arts. 45 and 50), that 
when a beam is bent or deflected by means of 
a certain strain, the quantity of deflexion is directly 
proportional to the force that produces it, while 
the elastic force of the material remains perfect; 
hence, by an inference similar to that employed in 
the solution of the first problem, we find that the 
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square of the length in feet,^ divided by the depth 
in inches drawn into the deflexion^ is a constant 
quantity ; therefore, in a beam whose dimensions are 
known, iif the deflexion produced -by a given force be 
coiTectly ascertained, the deflexion for other beams 
similarly circumstanced can easily be calculated. 

For, let D, L and A be the depth, length, and 
deflexion used in the experiment, and dy I and 1 4;he 
depth, length, and deflexion for which the calcula- 
tion is made; then, from the foregoing inference^ 
w^ have. 



DA^ dl 

And this, by exterminating the fractions, becomes 

rfiL"=DA/^ 
Now, by Mr. Tredgold's expenment, {see Teed- 
GOLD on Cast Iron, art. 45), it appears, that a load 
of 300 lbs. on the middle of a beam one inch square, 
and thirty-four inches between the supports, pro- 
duced a deflexion oi*\Q of an inch, while the elastic 
force of the material remained unimpaired. Let 
these dimensions be substituted for D, L and A in 
the preceding equation, and taking the length in 
feet, we obtain for the deflexion as follows : — 

1. When the beam is supported at the ends, and 

loaded in the middle. 

dl='02l\ 



^ A , 



. C - . ^> 
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2. When the beam is supported at the ends, but 
the load not in the middle. 

It has been sbewn^ in the second case of the 
first problem, that the strain at the point where the 
load is applied, is proportional to the rectangle of 
the segments, into which the length of the beam is 
divided at that point; and we have stated above, 
that the deflexion is proportional to the force that 
produces it, while the strain is within the elastic 
power of the material; hence, by equality of ratios, 
the deflexion is proportional to the rectangle of the 
segments into which the length of the beam is 
divided at the point of strain. Let m and n repre- 
sent these segments, or the respective distances of 
the straining'force from the points of support; then, 
since the deflexion produced by the load in the 
middle of the beam, where the rectangle of the 
segments is ^ /^ has been shewn by the last case 
to be as '02/*, we have 

^/' :mn:: -02/* : '08mn. 
Hence, when the beam is supported at the ends, 
but the load not in the middle, the equation for the 

deflexion is 

di =: '08 mn. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length. 

It is demonstrated by writers on the resistance 
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of solids, that a load uniformly distributed over the^ 
length of a beam, produces the same deflexion as if 
five-eighths of that load were collected at the middle 
point. (See Tredgold on Cast Iron, arts. 18 and 
217). Now, in the third case of the first problem 
it is shewn, that the load which a rectangular beam ^ 
will support, when uniformly distributed over the 

length, is — j — ; and by the first case of the same 
problem, the load supported in the middle is 
— ^ — ; and we have shewn, in the first case 
preceding, that the deflexion produced by the load 



•02 /« 



in the middle is — t""* But five-eighths of 



17006rfg 



IS 



85006^2 
8/ 



; therefore, we have 

8506d[« 85006^2 



•02^2 -025^ 



I 



SI 



d 



Hence the equation for the deflexion of a beam, 
when loaded uniformly over the length, is 

4. When the beam is fixed at one end^ and loaded at 
the other. It has been stated, in the fourth case of 
the first problem, that the strain on a beam fixed at 
one end and loaded at the other, is quadruple the 
strain on a beam supported at the ends and loaded 
in the middle, and the deflexion is proportional to 
the strain ; therefore, if ^ be the angle of deflexion. 
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and R the quotient that arises from the division of 

the fixed part by the projecting part of the beam 

(the length of which is /), then the general ex- 

pression for the deflexion is 

dl- •OS/^'Cl-i-Rcos.?)). 

But, since ?>, the angle of deflexion, is always very 

small in practical cases, its cosine will not differ 

sensibly from unity; in which case, the preceding 

expression becomes 

dl- -08/^(1 -i-R). 

If the fixed part of the beam be greater than the 

projecting part, or such, that .its flexure is very 

small, we have 

dl = -08^. 

If the fixed part be equal to the projecting part, or 

R = 1, we have 

dl^'lQP. 

It seems unnecessary to calculate the deflexion for 
the other two cases of the problem, viz. 

When the beam is fixed at one end and loaded 
uniformly over the, length; and when the beam is 
supported at the ends, and the load increases as the 
distance from one of the supports ; and moreover, we 
may here remark, that the equations for the deflexion 
which we have just investigated^ are equally appli- 
cable to the same cases of beams, of the several 
forms of section given in the table, at page 18, when 
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the depth throughout the length is uniform. In a 
tabulated form they are as follow : 



Tabk of Formula for calculating the Deflexions of Cast Iron 
Beams, when exposed to Transverse or Cross Strains. 



TtMe qflf^MonsJram Cro$» Strmns. 



1 
2 
3 




•02 Z2, 

•08 win, 

•025/2, 

•08/«(H-R), 

•08/«, 

•16/«. 



Where the bracketed expressions are those for the 
several relations of the fixed and projecting parts of 
the beam^ mentioned in Case 4. 

The rule for calculating the deflexions of beams 
in the several cases^ may be enunciated in general 
terms, as follows. 

GENERAL RULE. 

Multiply the square of the lengthy or the rectangle 
of the segments at the point of strain, in feet, by the 
constant number for the particular case, and divide 
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the product by the depth of the beam in inches y and the 
qtiotient will be the deflexion required. 

One or two examples, it is presumed, will be 
found duflBcient to exemplify the method of applying 
the formula. 

Example I. A uniform rectangular beam of 
cast iron, 20 inches deep and 25 feet between the 
supports, is strained in the middle to the extent of 
its elastic, force : what is the deflexion ? 

The conditions of the beam, as specified in the 

question, correspond to the first case of the 10th 

« 

problem, or No. 1 of the tabular formulae for the 

deflexions from cross strains, the expri3ssion tpr 

which is 

dl-'02t'. 

Here rf = 20 inches, and / = 25 feet; let these 
numbers be substituted for d and / in the equation 
above, and it becomes 

205 = -02 X 25% 

V -02x625 ^^^ p . , 

or, 8 = — — — = "625 of an mch, 

the deflexion required. 

Let us now suppose, that the dimensions of the 
beam remain the same, but that the load, instead of 
being in the middle, is placed at a point 9 feet from 
one support and 16 feet from the other ; what then 
is the deflexion ? 

Here then ^ = 20 inches, and / =: 25 feet, as 



Deflexion from Cross Strains. 45 

before ; and, moreover, m = 9 and w = 1 6 feet ; let 
these numbers be substituted for d, /, m and n in 
No, 2 of the preceding table, and it becomes 

20i = -08x9x16, 

or, 5 = = "676 of an inch, for 

the deflexion required. 

Example 2. Required the deflexion at the ex- 
tremity of a uniform beam 6f cast iron, 12 inches 
deep and 9 feet long, 3 feet of which is -fixed in a 
wall, and a load applied at the other extremity; 
the strain being equal to the elastic force of cast 
iron ? 

The conditions of the beam, as described in this 
example, correspond to the fourth case of the 10th 
problem, or to the first of the bracketed expressions. 
No, 4, of the tabular equations for the deflexions 
from cross strains ; the equation is 

rfS= -OS/^CH-R). 
Now, d = 12 inches, 1 = 6 feet, and R = ^ = -5 ; 
therefore our equation becomes, by substitution, 

12 5 = -OSxe^x 1-5, 

V -08 X 36 X V5 oa c ' u 

or, 5 = 775 — -^ = 36 of an inch, 

the deflexion sought. 

We may here observe, that the same degree of 
deflexion would occur in the square, the cylindric^ 
the tubular, the grooved, and the open beams, if 
placed m the same situation, and under the same 
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circumstances^ but the straining force would be 
different in them all ; and a like remark applies to 
the other cases. 

Note. The rectangular^ the grooved, and the 
open beams sometimes, with a view to economy, 
have the outline of the depth modified, so as to form 
a parabola or an ellipsis ; in which case, the formulae 
for calculating the strength and dimensions are the 
very same, as when the beams are uniform in 
breadth and depth, but the expressions for the 
deflexion are somewhat different, as follows: 

^ FOR THE PARABOLIC FORM. 

When the beam is supported at the ends, and loaded 

in the middle, 

dl = '04/*. 

When the beam is fixed at one end, and loaded at 
the other, 

« 

FOR THE ELLIPTIC FORM. 

When the beam is supported at the ends, and loaded 

in the middle, 

dl- '02571". 

When the beam is fixed at one end, and loaded at 

the other, 

dl=: •1028/*(1+R). 

There are several other forms of beams that 
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sometimes occur in practice, which it may be useful 
to consider in this place, such as the following, 
viz. 

Beams having the breadth uniform^ and the depth at 
the extremities one half the depth at the middle. And 
Beams having the depth uniform and the breadth 
bounded by a triangle. 

The equations ^ for calculating the deflexions of 
these foroGis are a« follow : 

When the beams are supported at the ends, and 

loaded in the middle; we have for the deflexions, 

respectively, 

dl- -0327 /«, 

d^ = -03/*. 

When the beams are fixed at one end, and loaded at 
the other, the respective deflexions are 

dl- •13/«(H-R), 
. rfi=-12/*. 

The flexure of the fixed part of the beam in the 
last expression is supposed to be very small; for 
which reason, the parenthetical member of the ex- 
pression has been omitted. 

If the constant numbers in the several ex- 
pressions which we have derived for calculating the 
deflexions of cast iron beams be multiplied re- 
spectively by the numbers that mark the relative 
extensibility to cast iron, of the several materials 
mentioned in the following table, the results will be 
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the constants to be applied in calculating the de- 
flexions of beams constructed of such materials 
accordingly; the forms of the equations remaining 
otherwise unaltered. 

The following is a table of the relative extensi- 
bility of the materials therein named, compared with 
that of cast iron as unity. 



Table of the relative Extensibility of Materials. 




Ash 

Beech 

Elm 

Fir, red or yellow 

Fir, white 

Oak, English . . • . 
Pine, American . . 
Wrought Iron . . . 



The following example will shew the method of 
applying the numbers- in the preceding table. 

Example 1. A beam of American pine, 16 inches 
deep and 22 feet long, is supported at the ends, and 
loaded uniformly over the length. What is the 
deflexion when strained to the extent of its elastic 
force ? 

The conditions of the team, as specified in the 
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example, correspond to the third case of Problem X. 
for which the. expression is 

Now, the relative extensibility for American pine 

is 2*9, and the constant in the formula is *025 ; 

therefore, '025 x 2'9 = -0726 = the- constant for 

American pine ; hence, the formula for the de* 

flexion is 

di = '07251'. 

» 

But d =16 inches, and / = 22 feet; let these 
numbers be substituted for d and / in the preceding 
equation, and it becomes 

16 X = -0725 X 22% 

or, = Tg = 2'2 mches nearly, 

the deflexion. 

Pbob. XI, To determine an expression for the di- 
mensions of a uniform rectangular beam of cast 
iron, to bear a given load, and resist a given 
deflexion ; the length of the beam being given. 

We have shewn by the inference in the solution 
of the last problem, that the square of the length in 
feet, divided by the depth in inches drawn into the 
deflexion, is a constant quantity, from which pro- 
perty, by using the experimental uumbers {see 
Tredgold on Cast Iron, art. 45), we found the 
expression for the deflexion of a beam supported at 
the ends and loaded in the middle to be //^ = '02/^, 
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(see Case 1, Problem X.) or more accurately 
7225^^=144/*; and, by the corresponding case 
of the first problem, the expression for the load 
capable of producing that deflexion is Iw = 850 b^. 
Now the deflexion is directly proportional to the 
strain that produces it (see Case 2, Prob. X.) ; hence, 
if we put D for any other deflexion, we have 

144P . J. . . 850bd^ . 42648 6d»D _ , , , . 



will produce the deflexion D ; therefore, the ex- 
pression for the dimensions is, 

1. When the beam is supported at, the ends, and 
loaded in the middle, 

Pw^4264Sbd'I). 

2. When the beam is supported at the ends, but the 
load not in the middle. In the second case of the 
tenth problem, the expression for the deflexion 
of a beam thus circumstanced, is shewn to be 
dl =: 'OS mn, or more accurately, 7225 di = 576 mn ; 
and by the second case of the first problem, the 
expression for the load to produce that deflexion is 
mnw =: 2l2\lbd^. Let D be any other deflexion, 
and we hiave 

576 mn . -p. . . 425lbd^ . 26 65lbd^D _ , , ;i ik f 

nnoc J '• iJ 1 1 — 7i I o — o — tne load, tnat 

7225 a 2mn m^n^ 

will produce the deflexion D ; hence, the expression 
for the dimensions is 

m''n'w=:2665lbd'J).- 
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3. When the beam is supported at the ends, and 
loaded uniformly over the length. We have shewn 
in the third case of the tenth problem, that the 
expression for the deflexion of a beam supported at 
the ends, and loaded uniformly over the length, is 
di='026P, or more correctly, 1446^^=36/*; 
and by the third case of the first problem, the 
expression for the load to produce that deflexion is 
lw= 1700 bd^. Let D be any other deflexion, 
and we have 

36Z^ 1700 bd^ . 68236 6 rf3D _^ 

±J . » « — r^ • ,. — tliC lUatl LliaL 



will produce the deflexion D; therefore, the ex- 
pression for the dimensions is 

l'w= 68236 3^^0. 
4. When the beam isjixed^at one end, and loaded at 
the other. It has been shewn in the fourth case of 
the tenth problem, that the general expression for 
the deflexion of a beam, when fixed at one end, and 
loaded at the other, is dl = -08/^(1 + R^os. (p), or 
more accurately, 7225 rf^ = 576/*(l + R cos. (p) ; 
and by the fourth case of the first problem, the ex- 
pression for the load to produce that deflexion is 
Iw = 2\2\bd^. Let D be any other deflexion, and 
we have 

576Zg(l +Rcos. <p) . -TV . . 425 6rfg ^ 2665 5^3 p 

1225d : i^ •• : 2 Z ' /3 (1 + R COS. ^) 

= the load that will produce the deflexion D ; hence 
the expression for the dimensions is 
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'* ^ — I . p 7 5 ^r* because (p the angle of 

X *^ m\ cos* 9 

deflexion, is always very small in practical cases^ its 
cosine will not differ sensibly from unity, in which 
case the expression becomes 

,3 2665 bd^D 

Where R is the quotient that arises, when the 
fixed part of the beam is divided by the projecting 
part, as we have before remarked in Case 4 of 
Problem X.* 

Note. When the beam is square, or the breadth 
b .equal to the depth d, b d^ becomes d^ ; or if ^ re- 
present the side of the square, ^* = rf*; therefore, if 
s^ be substituted for bd^ in each of the preceding 
cases, the formulae for square beams, when the di- 
rection of the straining force is parallel to the side, 
will be as follows : 

1. /' tt; = 42648 ^*D, 

2. nfn^w- 2665 /^*D, 

3. Pw^ 68236 ^*D, 

. ,3 2665 s* D 

We have i^tated in the detail of the tenth problem 

* If the constants in these several cases be compared among 
themselves^ it ivill be found that they are as the numbers 1 , -^^ 
I and -^ ; and the same relation holds, whatever may be the form 
of the beam under consideration. This, therefore, renders the deriva- 
tion of the formula a matter of great simplicity. 
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(see also'TiiEDGOLD on Cast Iron, art. 173), that the, 
expressions there given for calculating the deflexions 
for the several cases of a uniform rectangular beam, 
apply also to beams of the forms of section given in 
the table of formulae, at p. 18; but since the con- 
stants for calculating the strength and dimensions 
vary for the several cases of each of those forms, the 
constants for calculating the dimensions in the case 
of Stiffness must vary accordingly, as will appear 
from the solution of the following problems. 



Pros. XIL To determine an expression for the side of 
a square beam of cast iron, to bear a given load, 
and resist a given de/leMon ; the length of the beam 
being given, and the straining force in the direction 
of the vertical diagonal. 

From the principles employed in the solution of 
the second problem, the constant number for th6 

first case is found to be 600 nearly, and the constant 

« 

for the first case of the first problem, deduced from 
the experimental numbers, is exactly 850, while 
that for the corresponding case of the eleventh pro- 
blem is 42648; and since the expression for the 
deflexion of the beams, both in the first and second 
problems is the same, these numbers must be 
proportional : 

. that is, 850 : 600 : : 42648 : 30104. 
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Therefore, by restoring the other terms, and putting 
D for any deflexion, we have 

1. When the beam is supported at the ends, and 
loaded in the middle, 

Pw=:dOlOAs^B. 
And by proceeding in a similar manner for the 
other cases, we get 

2. When the beam is supported at the ends, but the 
load not in the middle, 

m^n^w- 1886 /^*D. 

-3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Pw=: 48166 ^*D. 

4. When the beam is fixed at one end, and loaded 
at the other, 

,5 1886s*D 



Prob. XIIL To determine an ea^pression for the dia- 
meter of a cylindric beam of cast iron, to bear a 
g^iven load, and resist a given deflexion; the length 
of the beam being given. 

From the principles employed in the solution of 
the third problem, the constant number for the first 
case is found to be 500, and the constant for the 
deflexion being the same as in the two last pro- 
blems, we have, by a similar operation. 
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850 : 500 : : 42648 : 26087. Hence, by restoring 
the terms, and putting D for any other deflexion, 
we get, 

1. When the beam is supported at the ends, and 
loaded in the middle, 

/^m; = 25087 rf*D. . 

2. When the beam is supported at the ends, but the 
load not in the middle, 

m^'n^wz^ 157Urf*D. 

3. Wlien the beam is supported at the ends, and 
loaded uniformly over the length, 

/'tt; = 40139 rf*D. 

4. When the beam isjixed at one end, and loaded at 

the other, 

,3 1571 d*D 



Prob. XIV. To determine an expression for the e*rte- 
rior diameter of a tubular beam of cast iron, to bear 
a given load and resist a given deflexion ; the 
length of the beam being given. 

By proceeding in the same manner as we did in 
the solution of the last problem, we find the general 
expressions for the several cases of tubular beams 
to be 
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1. P w=. 25087 d*J)(l-p*), 

2. w*n*io= 157UJ*D(l-jB*), 

3. Pw = 40139 d*D(l-p% ^ ^ 

Where p is the ratio of the interior to the exte- 
rior diameter, or, as we have shewn in the solution 
of the fourth problem, the quotient that arises from 
dividing the interior by the exterior diameter of the 
beam. But taking the particular value of p, viz. 
•7166 (which number is the diameter of the hollow 
part, when the exterior diameter is unity), then the 
expressions for the several cases of the problem will 
be as follow : 

1. When the beam is supported at the ends^ and 
loaded in the middle, 

l^w- 18471 rf*D. 

2. When the beam is supported at the ends, but the ' 
load not in the middle, 

m^'n'w- 1156/^*D. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Pw = 29642 rf*D. 

4. When the beam isjixed at one end, and loaded at 
the other, 

^^ = -TTr"- 
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Prob. XV. To determine an expression for the dimen- 
sions of a grooved beam of cast iron, to bear a given 
load and resist n given deflejcion ; the length of. 
the beam being given. 

By proceeding in the same manner as we did for 
the rectangular beam in the eleventh problem, we 
find the general expressions for the several cases of 
grooved beams to be 

1 . Pw- 42648 b rf'D( 1 - qp% 

"l.m^n^w^ 2665lbd^T)(l^qp% 

3. r wr = 68236 b d'T)(l - qp"), ^^^ 

, ^' ' ^ rT"R ' • 

By taking the particular values assigned to p and 
q in the fifth problem^ viz. jt? = •? and q = '625, the 
expressions for the several cases of grooved beams 
will be as follow : 

1. When the beam is supported at the ends, and 
loaded in the middle, 

Vw- 33516 3rf,'D. 

2. When the beam is supported at the ends, but the 
load not in the middle, 

mWw -2099 1 bd^D. 

3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

Pw=i 53626 bd'D. 
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4. When the beam is fixed at one end, and loaded at 
the other, 

,3 20996rf»D 



(G) 



Prob. XVI. To determine an expression for the di- 
mensions of an open beam of cast iron, to bear a 
given load and resist a given deflexion; the length 
of the beam being given. 

The same principle of comparison being adopted 
as in the solutions of the preceding problems^ the 
general expressions for the several cases of open 
beams will be as below : 

1. /^M) = 42648 3rf'D(l-/), 

2. tw« «* tt; = 2666 / b rf'D(l -/), 

3. I'w = 68236 b rf'D(l -jt?^), 

,3 _ 2665 6(^3 D(i-p3) 

But taking the particular value assigned to p in 
the sixth and fifteenth problems, viz. p = •?, the ex- 
pressions for the several cases of open beams will be 
as follow : *: 

1 . When the beam is supported at the ends, and 
loaded in the middle, 

Pw= 28020 A J'D. 

2. When the beam is supported at the ends, but 
the load not in the middle, 

m^n^wz:: neOlbd'D. 
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3. When the beam is supported at the ends, and 
loaded uniformly over the length, 

/'m; = 44794 irf*D. 

4. When the beam is fixed at one end, and loaded 
at the other y 

■ , 1760 6rf8D. 

'^ = -TTF- 
For the purpose of reference and comparison^ 
we shall collect the expressions for the several cases 
of the six foregoing problems into a tabular form, as 
under : — 
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Table of Formula for calculating the Dimensions of Cast 
Iron Beams, to resist a given Deflexion. 



I I I H ■ I I I ■ I '■ 



I 

3 
4 



ReeUmguhr Beams, 






. 42649 bd^B 

1 68236 b d^D 

26g66rf»D 
1 -f-K 



Square Beanu.^ 



Tubuiar Beams. 



1 
2 
3 

4 



l^w=z 



18471 d^D 
1156/rf4D 
29542 d^B 

1156 rf*D 
1 + R 



Grooved Beams,. 



1 
2 
3 



l^w 

m* n* w 

l^w 



30104«4D 
1886^5*0 

48166«4D 

1886 g«D 
1 + R 



1 
2 
3 



l^W=z 

m^n'^w=i 
/»«; = 



33516 6 rf^D 
2099/6rf3D 
53652 6 rf^D 

2099 bd^D 
1 + R 



CpHndrie Beams, 



Open Beams, 



1 

2 
3 



l^W=: 



25087 ci*D 

157Ud4D 
40139 <i4D 
1571 d* D 

l + R 



1 

2 
3 

4 



m^ rfi v) 
l^w 



28020 6 rf^D 
1760Z6ci3D 

44794 b rf^D 

17606rfgD 
l + R 



^ This class of formulee apply to square beams, when the di- 
rection of the straining force coincides with the vertical diagonal ; 
those that apply to square beams, when the straining force is pa- 
rallel to the side, have been given in the note to Problem XI. 
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The forms* of section exhibited in the table of 
formulae at p. 18, must be understood as belonging 
also to the expressions tabulated above. 

^ Such is the theory of Stiffness for those forms 
of beams which we have treated more at large in 
a former part of the work ; but in the tenth pro- 
blem we alluded to several other forms that some- 
times occur, and for which we calculated the de- 
flexions, viz. 

Beams having the outline of the depth a parabola ; 

Beams having the outline of the depth an ellipsis ; 

Beams having the breadth unifarmy and the depth 
at the ends half the depth at the middle ; 

Beams having the depth uniform^ and the breadth 
bounded by a triangle. 

Note. It is evident that the rectangular ^ the 

grooved^ or I-formed, and the open beam, will 

> 

each admit of the parabolic and elliptic forms men- 
tioned above. 

We shall, therefore, according to our general 
plan, give a tabular view of the formulae for calcu- 
lating the stiffness for these several forms in the 
most useful cases ; where we have to. remark, that 
the first expression in each compartment, corresponds 
to the case, when the beam is supported at the ends, 
and loaded in the middle ; and the second expression 
to the case, wher^ the beam is fixed at one end, and 
loaded at the other. 
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Table of Formula for calculating the Dimensions of Para' 
bolic and Elliptic Beams ^ to resist a given Deflexion, 



1 
2 



1 

2 



1 
2 



ParaboUe ReetangtUar.* 



l^ w^ 21324 bd^D 
13325rf>D 



/3w=: 



1 + R 



Parabdio GroovetU 






16758 bd^J) 

1049ftrf*D 
1 + R 



Parabolic Open. 



l^w^UOlObd^jy 
mibd^J> 



l^V)^ 



1 + R 



1 



1 

2 



1 
2 



Ellipde Rectangular,* 



/»w=:33l76 6c/3D 
Wl^bd*J> 



l^w = 



1 + R 



EUipHe Grooved. 



ieaobd^T> 



Pw = 



1 + R 



EUipiio Open. 



Z»tt; = 21779 6d»D 
1361 6 d»D 



/3ti; = 



1 + R 



The general expressions for calculating the stiff- 
ness of parabolic and elliptic grooved, or I-formed 
and open sections, are as exhibited in the following 
table : 



* The terms parabolic rectangular and elliptic rectangular 
simply mean, that the beams are uniform in thickness or breadth 
throughout the length, and have the outline of the upper side a 
parabola or an ellipsis. 
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General Formula for calculating the Dimensions of Parabolic 
and Elliptic Beams, to resist a given Deflexion. 



Parabolie Gtoavedm 



EUipHo Grooved. 



1 
2 



/3M;=:213246d3D(l-.yp3) 

„ 13326rf»D(l-5rp») 
1 + R 



1 
2 



/3 te;=33176 b d^ D (1 — y p3) 

^'^= 14-R 



Paraholio Open, 



ElHpHo Open. 



1 
2 



/3m;=21324 6d» D (1-p») 
,« 1332 6rf'D(l-p»\ 



1 
2 



/3 «;=33176 6 ds D (1 — p3) 

,3 2WlM^B0-£») 
1 + R 



Next, for beams having the breadth uniform, and 
the depth at the extremities one half the depth at 
the middle, we have 

1. When the beam is supported at the ends, and 
loaded in the middle, 

Pw^=z 26084 bd'D. 

2. When the beam isjia^ed at one end, and loaded at 
the other, 



Pw = 



1630 6 J3D 
1+R 



Again, for beams having the depth uniform, and 
the breadth bounded by a triangle, we have 

1 . When the beam is supported at the ends, and 
loaded in the middle. 

I'w^ 28432 3 rf'D. 
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2. When the beam is fixed at one end, and loaded at 
the other. 



Pwzz 



1777 bd^D 
1 +R 



Having thus established the formute* from 

* The only objection that can be made to the formulse that we 
have derived for calculating the dimensions of beams to resist a 
given deflexioDy is the largeness of the constant numbers, which 
renders the actual calculation tedious ; but io persons acquainted 
with the use of logarithms, this objection will be of little conse- 
quence ; and since the reciprocals of the constants will generally be 
yery small, they may be used as multipliers on the other side of the 
equation with some advantage. The following is a table of the 
reciprocals for the constants in the several formula, arranged accord* 
ing to their magnitudes : — 



Cbfutanlf* 


JteeifirooaXc. 


ComiaHts, 


Rfdproeali. 


880 


•00114 


21324 


•000046 


1049 


•00095 


21779 


•000046 


1156 


•00086 


25087 


•00004 


1332 


•00075 


26072 


•000038 


1380 


•00074 


26084 


•000038 


1361 


•00074 


28020 


•000036 


1571 


•00064 


28432 


•000035 


1630 


•00061 


29542 


•000034 


1760 


•00057 


30104 


•000033 


1777 


. -00056 


33176 


•00003 


1886 


•00053 


33516 


•00003 


9074 


•00048 


40139 


•00003 


2099 


•00047 


42648 


N -000023 


2665 


•00037 


44794 


•000022 


14010 


•00007 


48166 


•000021 


16758 


•00006 


53652 


•000019 


18471 


•000054 


68236 


•000014 
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which the rules are deduced for calculating the 
stiffness of beams of varipus forms, and under 
various circumstances, we shall, in the next place, 
give two or three examples, to illustrate the manner 
in which the formulae are to be applied ; and that 
the reader's confidence may be confirmed in the 
truth of our deductions, it may be proper to select 
the examples from Mr. Tredgold's work on cast iron : 
previously, however, we shall deliver a rul^ for the 
resolution of the formulae, which will be found 
useful to those not versed in algebraic reductions. 

GENERAL RULE. 

Substitute the given dimensions and their powers^ 
with the given weight and deflexion, for the representa- 
tives of each in the respective formula, and another ea^- 
pression will arise, involving one unknown term only; 
. then, divide both sides of this new compression by the 
number with which the unknown quantity is combined 
and such root of the qwtient as is denoted by the index 
of the unknown letter, will give the answer. 

Example 1 . Let it be required to determine the 
depth of the beam for a pumping engine, to bear a 
strain of 30000 lbs. and resist a deflexion of 0*25 
inches^ its breadth being 5 inches, and its length 24 
feet ; the parts on each side of the centre of motion 
being equal. (See Tredgold on Cast Iron, art. 212). 



66 Stiffmss to resist Cross Strains. 

If the beam be supposed uniform, both in breadth 
and in depth, throughout the length, it corresponds 
to Case 4 of Problem XI, or to No. 4 of the tabu- 
lated class for uniform, rectangular beams, the for* 
mula for which id 

,3 2665 bd^D 

^^= 1 + R 

And since the parts on each side of the centre of 
motion are equal by the question, we have R = 1, 
and the formula becomes 

2Pw=z2665bd^D. 
Now b- 5 inches, / = 12 feet, w = 30000 lbs. and 
D = 0*26 inches ; therefore (by the general rule), 
,let these numbers be substituted for their represen- 
tatives in the preceding formula, and we get 
2 X 12' X 30000 = 2666 x 5 x -25 x d^ ; 

or, d^ = ^^^^ ^ — x^ = 31123*45. 

Here the index ol the depth is 3> consequently, 

by extracting the cube root, we obtain 31*4 inches 

for the depth of the beam. 

Exampk 2. Let it be required to determine the 
diameter of a solid cylindric beam, to bear a load of 

3472 lbs. in the middle, its length being 21 feet, and 

the deflexion not to exceed half an inch. {See 

Tredgold on Cast Iron, art. 220.) The conditions 

of the beam in this example, correspond to the first 

case of the tiiirteenth problem, or to No. 1 of the 
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tabulated class for cylindric beams^ the formula for 

Which is 

Pw^ 25087 rf*D. ' 

Now / = 21 feet, w = 3472 lbs. and D = 5 inches ; 
let these numbers, be substituted for /, w and D, in 
the preceding equation, and it becomes 

21^x3472 = 25087 X -5x6?*; 

. <^^> ^* = i^ = 2663-4146. 

Now the index of the diameter is 4 ; hence, if the 
fourth root of 2563*4146 be extracted, the diameter 
will be 7' 12 inches. 

Ejpmnpk 3. Let it be required to determine the 
diameter of a tubular beam, to bear a load of 3472 
lbs. in the middle, its length being 21 feet, and 
the deflexion not to exceed half an inch ; the 
interior being seven-tenths of the exterior diameter 
(See Tredgold on Cast Iron, art. 221). The con- 
ditions of the beam in this example, correspond to 
the first case of the fourteenth problem ; but since 
the ratio of the interior to the exterior diameter, is 
not here the same as we have assigned it, we must 
take the first of the general expressions to Pro- 
blem XIV. viz. 

l^w = 25087 d^D (1 -jo*). (No. 1, Class E). 
Here / = 21 feet, w = 3472 lbs. D = -5 inches, and 
jD = -7 ; let these numbers be substituted for /, ti;, D 
and Pj in the preceding expression, and it becomes 



■ I iin^ili t. -» 
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2V X 3472 = 26087 x -5 x (1 - -7*) x d^; 

^'^ ^' ^ 250I7X ■5t^^378 = 3361-53; and the in- 
dex of d the diameter is 4 ; therefore, by extract- 
ing the fourth root of 3361*53, we get 7*62 inches 
for the exterior diameter ; , and 7'62 x -7 = 5*334 
inches for the diameter of the part to be left hollow : 

hence, ^ — — = 1*143 inches for the thickness 

of metal. 

Ea^ample 4. Let it be required to determine the 
depth of a uniform rectangular beam, to bear a 
weight of 33750 lbs. equally diffused over the 
length, its breadth being 2 inches, length 16 feet, 
and the deflexion produced by the load '46 inches. 
{See Tredgold on Cast Iron, arts. 115 and 179)- 

Here the conditions of the beam correspond to 

the third case of Problem XL or No. 3 of the tabu- 
lated class for rectangular beams, the formula for 

which is * 

/^w; = 68236 i^'D, which, by substituting the 

given numbers, becomes 

15' X 33750 = 68236 x 2 x *46 x d^\ 

or, d^ = ^Q^' ^ ^ ^ — T^= 1814*455; and the in- 

68236 X 2 X '46 ' 

dex of d the depth is 3 ; therefore, by extracting the 
cube root of 1814*455, we have the depth equal to 
12*2 inches nearly. 

The results of the preceding examples obtained 
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by our formulae, being compared with those given 
by Mr.Tredgold, will shew the degree of confidence 
to be placed in the accuracy of the principles on 
which our theory is founded ; and the simple ar- 
rangement given to the equations in the tabular 
form, will, it is presumed, render it a matter of no 
great difficulty, for the intelligent reader to calculate 
any case that may fall under his consideration. 

We shall next go on to shew, in what manner 
the equations are to be modified, for the purpose of 
calculating the dimensions of beams of wrought iron, 
and the several sorts of wood mentioned in the 
following table of the relative stiffness of materials, 
that of cast iron being unity. 

Table of the relative Stiffness of Materialsy. 

Cast Iron Unity, 



Ash 

Beech 

Elm 

Fif, red or yellow 

Fir, white. 

Oak, English 

Pine, American yellow 
Wrought Iron 




Hence, to adapt our theory to the calculation 
of beams of the above materials, it is only requi- 
site to multiply the constant in the several ex- 
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pressions for cast iron beams, by the numbers in the 
table opposite the material in question, and the 
products will be the constants for calculating the 
dimensions of similar beams of the said materials, 
the stiffness b^ing the same : one example will 
illustrate the whole. 

Let it be required to find the depth of a rec- 
tangular beam of American pine, to bear a weight 
of 8960 lbs. in the middle of its length, the breadth 
being 3 inches, length 1 8 feet, and the deflexion not 
to exceed ^ of an inch. The formula for a cast iron 
beam of this form, and so loaded, is 

Pw = 42648 iflf^D (see No. 1, class for rectan- 
gular beams) ; therefore, 42648 x -087 = 3710-376 = 
the constant for American pine, and the equation 
becomes, by substitution, 

Pw=37lObd''D. 
Now ^ = 3 inches, /= 18 feet, w = 8960 lbs. and 
D = '25 of an inch ; therefore, by substituting these 
numbers for their representatives in the preceding 
equation, we have 

18' X 8960 = 3710 x 3 x -25 x rf' ; 

3 _ 18» X 8960 _ ift77.Q 

Hence, by extracting the cube root of 1877*9 
we get 26*58 inches for the depth of a beam of 
American pine, that will not be deflected more than 
^ of an inch in the middle by a load of 8960 lbs. 
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Numerous interiesting examples might be pro- 

T 

posed respecting the parts of machinery and other 
important practical subjects; but the work having 
already extended beyond the bounds originally 
designed for it, we have thought proper to omit 
them. 

Such, then, is the theory of resistance to Trans- 
verse Strains ; but the resistance to twisting or 
torsion^ the resistance to compression and tension, 
and the resistance to impulsion, remain to be con- 
sidered . 



THE 



THEORY OF 



Mr. BRAMAH'S 



HYDRO-MECHANICAL PRESS, 



WHICH IS THE MOST APPROVED MACHINE FOR TRYING 

THE STRENGTH OF BEAMS WHEN EXPOSED TO 

TRANSVERSE STRAINS* 



' I 



THE 



HYDRO-MECHANICAL PRESS 



In order effectually to prove the strength of beams, 
as calculated by the principles laid down in the 
foregoing part of this work, it is necessary to have 
at hand some very powerful and commodious instru* 
ment, one that is easy of management and delicate 
in its indications, so that the straining force £an be 
removed, and the beams suffered to' restore them- 
selves, when they have attained the degree of flexure 
intended to be produced, and which theory assigns 
to them. 

Of all the engines now in use, the Hydro- 
Mechanical Press is the most convenient for this 
purpose, not only on account of its immense power, 
but because of the accuracy with which it indicates 
the instant when the desired effect has been pro- 
duced. This very ingenious and powerful machine 
is founded on the following hydrostatical principle : 
viz. When a mass offluidy in a state of equilibrium, is 
subjected to the action of any forces ^ every particle of 
the fluid is pressed equally in every direction. Therefore, 
if any number of pistons of different sizes are ap- 
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plied to apertures in the sides of a vessel full of water, 
the forces with which the pistons are pressed, will be 
in equilibrio if they are proportional to the areas of the 
pistons on which they act. 

By attentively considering the above principle, 
the late Joseph Bramah, Esq. of Pimlico, succeeded 
in rendering a law of nature subservient to the most 
important purposes; such as working cranes, pulling 
up the roots of trees, trying the strength of materials, 
packing goods and the like. This is done by forcing 
an incompressible fluid through a small tube, into a 
cylinder of considerable strength, furnished with a 
solid moveable water-tight piston, which we shall 
designate the raniy merely to distinguish it from the 
piston of the forcing pump. Into the bottom of this 
cylinder the tube is inserted, and communicates 
with a forcing pump placed in a cistern which con- 
tains the water; the power is applied to a lever 
attached to the pump, and the piston, pressing on 
the surface of the water, communicates its force 
(through the intervention of the fluid) to the raniy or 
piston of the cylinder, to the top of which the work 
to be performed is applied. 

It is the proportion between the diameter of the 
forcing pump and the diameter of the cylinder that 
constitutes the principal feature of the machine, and 
on which its excellence chiefly depends; for since 
the one can be increased and the other decreased at 
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pleasure, it is evident there can be no limit to its 
power. If the diameter of the pump and thiat of 
the cylinder be equal, a force of one pound on the 
piston will transmit a pressure of one pound only to 
the ram ; but if the diameter of the pump be half 
that of the cylinder, a force . of one pound on the 
piston will transmit a pressure of four pounds to the 
ramy and ten pounds will transmit forty j that is, 
the force and the effect, are to each other directly as 
the square of the diameter of the pump, to the square 
of the diameter of the cylinder. This is the prin- 
ciple, and the theory is developed in what follows. 

Notation. 

Put rf=the diameter of the forcing pump, 

/i=the force with which the piston descends; 
D = the diameter of the cylinder, 
P=:;the pressure on the ram; 
i= the diameter of the safety valve, 
and jt>=the pressure thereon. 
Then, the several particulars of the Hydro-Mechanical 
Press are exhibited in the following analogies : 



rf*: D*::/: 


P, 


^:D'::p: 


P, 


iP: ^ ::/: 


P> 


D*: ^ ::P: 


; p. 



And from these four analogies arise the following 
set of equations : 



i 
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V/ 

^*' /^ D*^' 

Moreover, if t represent the thickness of metal 
in the cylinder, capable of sustaining the pressure 
while the elastic force of the material remains per- 
fect, then, from different principles we obtain 

•000083/R , ^ ,^^^ 

13- '=5^30000837' ^^^^^ R=iDthe 
radius of the cylinder. 

Again, if n be the pressure in lbs, per square 

inch, we have 

/ 



2. 




M 


3«P 


4. 


P- D*' 


6. 


D-'^^. 




-s/P 


8. 


^-°f. 




VP 


10. 


^-*< 




vp 




, <pp 


12. 


/-J.- 



14, « = T 



7854 ci«' 



By these fourteen equations, every particular 
respecting the Hydro- Mechanical Press can be cal- 
culated, and the method of procedure will become 
manifest from the following examples. 

Ea^ampk 1 • If a force of 660 lbs. aet on the 
pistcJn of a forcing pump whose diameter is half an 
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mcb, what pressure will be transmitted ta the mm^ 
supposing its diameter to be 12 inches ? 
The formula is No. I, viz. 

*^- d* • 

Now, c7=|^ an inch, D=; 12 inches, and f^560 lb& 
Let these numbers be sub^ituted for thdir repre- 
sentatives d, D and / in the equatioa above, and it 
becomes 

128x560 

•^— .52 ; 

Whence P = 322560 lbs. or 144 tons. 

Example 2. If a weight of 35 lbs. on the safety 
valve, whose diameter is one-eighth of an inch, be 
just balanced, what is the pressure on the ram^ its 
diameter being 12 inches ? 

The formula is No. 2, viz. 

But i=i of an inch, D= 12 inches, and /) = 351bs. 
Let these numbers be substituted for 5, D and p in 
the equation, and we get 

I2g X 35 
^— •125« 5 

that is, P = 322560 lbs. or 144 tons, as 

before. 

Example 3. If a force of 560 lbs. act on the 
piston of a forcing pump whose diameter is half an 
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inch, what weight will it balance on the safety valve, 
its diameter l3^ing one-eighth of an inch ? 
The formula is No. 3, viz. 

Here rf=|^ an inch, i=i of an inch, and /=660 lbs. 
Let these numbers be substituted for c2, ^ and / in 
the equation, and we obtain 

Ax 560 

that is, p = -jg- = 36 lbs. 

Emmple 4. If the ram, whose diameter is 12 
inches, sustain a pressure of 144 tons or 322560 lbs. 
what weight will it balance on the safety valve, its 
diameter being one-eighth of an inch ? 

The formula is No. 4, viz. 

Now, D=12 inches, P= 322560 lbs. and i= one- 
eighth of an inch. Let these numbers be substituted 
for D, P and i, and we get 

A X 322560 

p- i44 — ; 

Wherefore p = q216 ^ ^^ ^^^' ^® before. 

Example 5. If a . force of 560 lbs. act on the 
piston of a forcing pump whose diameter is half an 
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inch, what must be the diameter of the ram to sus- 
tain a pressure of 144 tons, or 322560 lbs.? 
The formula is No. 5, viz. 

Here d=\ an inch, /=660 lbs. and P = 322560 lbs. 
Let these numbers be substituted for d, f and P, 
and our equation becomes 



I>=iv/ 



322560 
560 



that is, D = ^>/576= 12 inches. 

Exampk 6. If 35 lbs. on the safety valve, whose 
diameter is one-eighth of an inch, balance a pressure 
of 322560 lbs. on the ram^ what is its diameter ? 

The formula is No. 6, viz. 

Now, i=iofan inch, ;?= 35 lbs. and P = 322560 lbs. 
Let these numbers" be substituted for S, p and P in 
the above equation, and it becomes 



I>=iv/ 



322560 



35 ' 

that is, D = i>/92T6= 12 inches, as before. 



Example 7. If a force of 560 lbs. act on the 
piston of a forcing pump whose diameter is half an 
inch, what must be the diameter of the safety valve 
to require a weight of 35 lbs. ? 

G 
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The formula is No. 7, viz. 

Here d=^ an inch,/= 560 lbs. and p=35 lbs. Let 
these numbers be substituted in the equation, and it 
becomes 

'\^ 560 ' 

Wherefore S=iV^=iofan inch. 

Example 8. If the ram whose diameter is 12 
inches sustains a pressure of 322560 lbs. what must 
be the diameter of the safety valve to require a 
weight of 35 lbs. ? 

The formula is No. 8, viz. 

VP . 
But D = 12 inches, P =: 322560 lbs. and o=35 lbs. 
Let these numbers be substituted in the equation, 

and wd have 

W 



8=12 / 



322560 ' 



y 1 12 

"^ Whence J = 1 2 X — -- = ;r7;, or ^ of an inch, as before . 

V^ 9^16 96 ® ' 

Example 9. If a force of 560 lbs. acting on the 
piston of a forcing pump, transmit a pressure of 
322560 lbs. to a ram 12 inches in diameter, what is 
the diameter of the pump ?. 



J 
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The formula is No. 9, viz. 




Here D= 12 inches, /= 560 lbs. and P = 322560 lbs. 
Let these numbers be substituted for D, / and P, 
and our equation becomes 



322560 ' 



that is, d- 12^^ 1^=1 12 x V* =i an inch. 

Example 10. If a force of 560 lbs. acting on the 
piston of a forcing pump, transmit a pressure of 
35 lbs. to the safety valve whose diameter is one- 
eighth of an inch, what is the diameter of the pump ? 

The formula is No. 10, viz. 



d-l 




Now i= one-eighth of an inch, /= 560 lbs. and 
/>=351bs. Let these be substituted in the equation 
for \ f and jo, and it becomes 



that is, rf=iis/ 16 = i an inch, as before. 

Example II. What force, acting on the pistoa 
of a forcing pump of half an inch diameter, will 
transmit a pressure of 322560 lbs. to a ram whose 
diameter is 12 inches ? 
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The formula is No. 11, viz. i 

Cut fl?= I an inch, D = 12 inches, and P = 322560 
lbs. Let these numbers be substituted in the 
equation, and it becomes 

•5« X 322560 



I ! 



/= 



12« 



^ ^ . ^ 322560 ^^^„ 

that IS, / = ^yg = 560 lbs. . 

Ea^ampk 12. What force, acting on the piston 
of a forcing pump of half an inch diameter, will 
transmit a pressure of 35 lbs. to a safety valve whose 
diameter is one-eighth of an inch ? 

The formula is No. 12, viz. 

Here d^\ an inch, J=^ an inch, and jo=351bs. 

Substitute these numbers in the equation, and it 

becomes 

•5g X 35 

. /— •125« 

that is, /= 36 X 1 6 = 560 lbs. as before. 

.Example 13. If a force of 560 lbs. act on the 
piston of a forcing pump whose diameter is half an 
inch, what must be the thickness of metal (cast iron) 
in the cylinder of 6 inches radius, to sustain the 
pressure without injury ? 
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Thfe formula is No. 13, viz. 

•000083/R 



tzi 



ci2—. 000083/ 

Now rf=i an inch, R= 6 inches, and /= 660 lbs. 
Let these numbers be subi^tituted for d, R, and/, 
and our equation becomes , 

_ -000083x560x6 
'■"•5«— -000083x560 5 

•27888 

that is, ^= .20352 = I'S'^ inches nearly, the 

thickness sought. 

Note. — Dr. Gregory, in his Mathematics for 
Practical Men, has given another formula for calcu- 
lating the thickness of metal, which he ascribes to 
Mr. Barlow ; it is as follows, viz, 

^=:-— : Where w=the num- 

beroflbs. on a square inch, R=the radius of the 
cylinder, and c= 16300 lbs. (the cohesive force of 
cast iron). Now, to apply this formula, it is neces- 
sary that the pressure on a square inch be known, 
and this is determined as in the following : 

Example 14. If a force of 560 lbs. act on the 
piston of a forcing pump whose diameter is half an 
inch, what is the corresponding pressure on a square 
inch ? 

The formula is No. 14, viz. 

f 
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Here d=\ an inch, and /= 560 lbs. Hence, by 
substitution, our equation becomes 

560 



W = 



7854x-5«» 



that is, »=.jgjggT= 2862 lbs. Wherefore, 

according to Dr. Gregory's formula, we have for the 
thickness of metal 

2852 X 6 



t- 



15300—2852 



that IS, <= 12449 = inches, the same as 



before. 



THE END. 
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RESISTANCE TO TORSION. 



In the foregoing part of this work, we have con- 
sidered the several modifications of beams as re- 
gards the strength^ flexure^ and stiffness^ when ex- 
posed to transverse strains from pressure or weight ; 
we have therefore, in the next place, to examine 
what are the conditions of beams, when the strain- 
ing force operates to produce fracture by means 
of twisting or wrenching^ technically designated 
Torsion. 

It is demonstrated by writers on the resistance 
of solids, that when a beam is fixed in a wall at one 
end, and a load applied at the other, the strain pro- 
duced by the load so applied, is similar to that which 
endeavours to wrench a beam asunder, by a force 
acting at the extremity of a lever perpendicular to 
its axis. This species of strain generally exerts 
itself on beams that are employed as shafts or axles 
in connecting the parts of niadiinery ; and the forms 
of beams usually employed for this purpose, are the 
rectangular, the square^ and the cylindrical; the last 
of which, when the beams are large, are sometimes 
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made tubular, in order to acquire a greater degree of 
stiffness with a less quantity of metal^ and to di- 
minish the pressure and friction on the gudgeons. 

We have already shown (see Case 4. Problems I. 
II. III. and IV.), that when beams of the above forms 
are fixed at one end and loaded at the other^ the 
equations that express the conditions of strength 
and dimensions, are as follow: 

For the rectangular he^m, Iw = 212^ bd*. 
For the square beam, Iw = 160 ^. 
For the cylindrical beam, Iw =: 125 d^. 
For the tubular beam, /u; = 126 rf'(l —/>*).♦ 
In each of these equations, / is the length of the 
beam in feet; but in considering the resistance to 
torsion, the length is not necessary, because the 
resistance is the same whatever the length may be, 
provided it be not less than 

breadth in the rectangular 
the < diagonal of section in the square > beam, 
diameter in the cylindrical 
(See TaEDGOLD on Cast Iron, articles 224, 226, 
and 227). 

But although the length of the beam is not ne- 
cessary under these limitations, yet we must con- 
sider the straining foroe as operating at the extremity 

* This 18 the 4th case of the general expression, Problem IV. 
and is found by taking one-fourth of the equation (A), page 12, 
agreeably to the remark at page 4. 



*tm 
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of a lever, which, in the case of shafts and axles, 
is usually the radius of a wheel; therefore, if the 
radius, at the extremity of which the power acts, 
be taken in feet and represented by r, we have only 
to substitute r in the preceding equations instead 
of /, and they become, in the case of torsion : 
For the rectangtilar beam, rw =: 212^ bd\ 
For the square beam, ra; = 150^. 
For the cylindrical beam, r tr = 125 </\ 
For the tubular beam, r a; = 125 £f^ (1 — jt>*). 
The foregoing equations, it will be observed, 
apply only to cast iron ; but since shafts, axles, and 
other beams liable to be twisted, are frequently con- 
structed of wrought iron, we shall, for the conveni- 
ence of practical men, adapt our formula to that 
material also. But this is easily done ; for by taking 
the constant corresponding to the 4th case of each 
form, from the table (page 31), we have the following 
equations for wrought iron, viz. 

For the rectangular beam, rw zz 238 b d*. 
For the square beam, ra; = 168^. 
For the cylindrical hedun, rw => 140 rf\ 
For the tubular beam, r a; = 140 £/* (1 — 'p*). 
The above, therefore, is the theory of torsion, as 
applied to those forms of beams in cast and wrought 
iron. We shall, in the next place, give a few ex- 
amples, to shew the manner of applying the formulae 
in practical cases; and that nothing may be left 
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undone, we shall determine eacli quantity in terms 
of the others, for the four forms of beams both in 
cast and wrought iron. 

NoTJE. It is of course always to be understood, thai 
the strain is within the elastic power of the material. 

Example 1. What force will be resisted by a 
rectangular shaft of cast iron, 3 inches broad and 
5 inches deep, when applied at the circumference 
of a wheel whose radius is 4 feet? 

The formula for the rectangular beam of cast 

iron, is 

rwz=,2\2^bd\ 

Now ^ = 3 inches, rf = 6 inches, and r = 4 feet ; 
let these numbers be substituted for b, d and r, in 
the above equation^ and it becomes 

4m;= 212ix3x5*; 

15937'5 

that is, w = — J — = 3984f lbs. the force 
required. 

Let the data remain; what will be the force 
when the shaft is of wrought iron? 

The formula for wrought iron, is 

And thisj by substitutioa becomes 

4tt; = 238><3x5*; 

that is, w =; H?^ = 4462i lbs. the force 
required. 
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From which it appears, that a wrought iron shaft 
of the given dimensions, resists a force of 478ilbs. 
more than a shaft of cast iron. 

Example 2. A cast iron shaft 6 inches square, is 
turned round by a wheel whose radius is 7 fset ; 
what power will it resist? 

The formula for a square beam of cast iron, is 

rw = 150^. 

Now r = 7 feet and ^ = 6 inches ; let these values be 
substituted for r and s in the equation, and we get 

7tt?= 160 X 6': 

that is, w = — =— zz 46284^ lbs. the force 
required, 

iThe data remaining ; what is the force when the 
shaft is of wrought iron ? 

The formula for wrought iron, is 

rw:=: 168^. 

And this by substitution becomes 

7w- 168 X 6^ 

that is, w = — y— = 5184 lbs. the force 
required. 

From which it appears, that a wrought iron shaft 
6 inches square, resists a force of 555f lbs. more 
than a cast iron shaft of the same dimensions. 

Example 3. A water-wheel of 9 feet radius, is 
fixed on a solid cylindrical shaft of cast iron, whose 
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diameter is 5^ inches; what force will the shaft 
resist ? 

The formula for the cylindrical beam, is 

rii;= ]25d\ 

Here r == 9 feet» and d =: 5^ inches ; let these 
numbers be substituted for d and r in the equation, 
and it becomes 

9wrz 125 X 5-26'; 

that is, tc; = 152^ = 200976 lbs. the 

force required. 

The data remaining ; what is the force when the 
shaft is of wrought iron ? 

The formula for wrought iron, is 

rwrz 140 d\ 

and this by substitution becomes 

9ii;= 140 X 6-26*; 

that is, w = ?5?^ = 2260-94 lbs. the 
force required. 

From which it appears, that a wrought iron shaft 
5^ inches in diameter, resists^ a force of 241*18 lbs. 
more than a cast iron shaft of the same dimensions. 

Example 4. The radius of the wheel being the 
same as in the foregoing example, suppose the shaft 
to be tubular, and its exterior diameter &f inches ; 
what force will it resist, the thickness of the metal 
being one-fifth of the exterior diameter ? 
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It is shewn in the solution td Prob. IV.- page 12, 

that 

pd-d'-2t, 

therefore by division, we get 

but t by the question, is one-fifth of the diameter, 
or ri; therefore 

2-2 

Now the formula for the tubular beam, is 

rM;=125£/'(l-/). 

Let 0*6 be substituted for p, and it becomes, for cast 

iron 

rw- 108-8 £/» {a) 

Here r = 9 feet, and (i = 6^ inches ; let these num- 
bers be substituted for d and r, and our equation 

becomes 

9 ii; = 108-8 X 5-5' ; 

that is, w = — Q — = 2011 -3 lbs. the force 

required. 

The data remaining ; what will be the force when 
the shaft is of wrought iron ? 

The formula for wrought iron, is 

rf£;=140rf*(l-j9*). 
Let 0*6 be substituted for jo, and we have 

rwzz\22d\...{b) 
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Now r s 9 feet, and J = &|- inches ; let these num- 
bers be £fhbstituled for d and r, and we get 

9tt?= 122 X 6-6'; 

20297-V5 



that is, w = 



= 2255*3 lbs. the force 



required. 



In the foregoing examples, we have considered 
the length of the lever and the dimensions of the 
beam to be given ; we shall, in the next place, con- 
sider the force to be resisted, and the dimensions of 
the beam as being known, to determine the length 
of the lever, at the extremity of which the force acts. 

Ea^ample 5. A rectangular shaft of cast iron, 
3 inches broad and 5 inches deep, is found to re- 
sist a force of 3984f lbs. applied to the end of a 
lever; what is its length? 

The formula for the rectangular beam, is 

rw=:2l2^bd\ 
Here 6 = 3 inches, ^=5 inches, and w == 3984*375 
lbs.; let these numbers be substituted in the equa- 
tion for b, d, and w, and we get 

3984-375 r = 212-5 x 3 x 5^ 

15937-5 



that is, r = 



= 4 feet, for the 



V 3984-375 

length of the lever, or the radius of the wheel 
required. 

The data remaining; what is the length of the 
lever when the shaft is of wrought iron ? 
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The formula ft* wrought iron, is 

rw = 23Sbd\ : 

I 

Now i = 3 inches, J = 6 inches, and w = 3984'376 

lbs. ; let these values be substituted in the equation, 

Sind it becomes 

3984-376r = 238x3x5*; 

that is, r = 3984,375 = 4'48 feet, for the 

length of the lever, or radius of the wheel required.' 
Example 6. A cast iron shaft 6 inches square, is 
found to resist a force- of 4628f lbs. acting at the 
circumference of a wheel fixed thereon ; what is the 
radius of the wheel ? 

r 

The formula for a square shaft, is 

rtt?= 160^'. 
Here ^ = 6 inches, and w = 46284- l^s. ; let these 
values be substituted for s and w in the equation, 

^ * 

and we obtain 

4628^ r= 150x6*; 

that is, r = ^^ = 7 feet, the radius 
required. 

The data remaining ; what is the radius when the 
shaft is of wrought iron ? 

The formula for wrought iron, is . 

Now ^ = 6 incheSjr and w = 4628^ lbs. ; let these 
numbers be substituted for s and w in the equation, 
and it becomes 
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required. 



4628Ar=:168x 6'; 
that is, r = ^g^ = 7-84 feet, the radius 



Example 7. A solid cylindrical shaft of cast iron> 
whose diameter is 5^ inches, is found to resist a 
force of 2009'76 lbs. applied at the circumference of 
a wheel fixed thereon; what is the radius of the 
wheel ? 

The formula for a cylindrical beam, is 

rM; = '126rf'. 

Here ^=5^ inches, and w:=i 2009*76 lbs. ; let these 
values be . substituted for d and w in the equation, 
and it becomes 

2009-76 r= 126 X 5-26*; 

Ihat is, r = 2(m*i6 ~ ^ ^^^*' ^^ radius 
required. 

The data remaining; what is the radius when 
the shaft is of wrought iron ? 

The formula for wrought iron, is 

ru7=140rf*. 

Now dz=.^ inches, and w = 2009*76 lbs. ; let these 
values of d and w be substituted for them in the 
equation, and it becomes 

2009*76 r= 140x626'; 

radius required. 
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Ejcampk 8. A tubular shaft of cast iron, whose 

diameter is &\ inches, is found to resist a force 

of 2011*3 lbs. applied at the circumference of a 

wheel fixed thereon; what is the radius of the 

wheel, supposing the thickness qf the metal to be 

one-fifth of the diameter ? 

The formula for a tubular beam in this case, is 

rtc?= lOS-Srf*. 

(See equation (a) preceding). 

Now d=ib\ inches, and w = 2011*3 lbs. ; let these 

values of d and w be substituted instead of them in 

the equation, and it becomes 

2011-3 r= 108^8x5-5'; 

that is, r = ^^^ = 9 feet, the radius 
required. 

The data remaining; what is the radius when 
the shaft is of wrought iron ? 

The formula for wrought iron, is 

rw-\22d\ 

(See equation (b) preceding). 

Here ^=5^ inches, and w = 2011*3 lbs. ; let these 

values of d and w be substituted instead of them in 

the equation, and it becomes 

2011*3r= 122x6-6'; 

that is, r-^^^ = 10*09 feet, the 
radius required. 

In the next place, we shall endeavour to ascer- 
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tain the dimensioQe of the shaft ot* beam, the load 
and the leverage being given. This is perhaps the 
most u^ful case in practice, and that which Mr. 
Tri&dgold haa illustrated by an example of a cylin- 
drical shaft for a water-wheel. {See his ^' Essay 
on Cast Iron," Art. 228). 

Example 9. A cast iron shaft 6 inches deep, is 

« 

found to resist a force of 3984f lbs. acting at the 
circumference of a wheel whose radius is 4 feet ; 
what is the breadth of the shaft ? 
The formula for cast iron, is 

rw-2\2\bd\ 
Rut J=5 inches, w = 3984f lbs. and r = 4 feet; 
Let these numbers be substituted for 4 w and r in the 
equation, and it becomes 

4x3984f = 212ix6*x*j 
that is, 6312-6*^ 15937-6, 

or, b = 53^2:3- = 3 , inches, the 

breadth required. 

Let the load and the leverage be the same, and 
suppose the breadth of the beam to be 3 inches ; 
what is the depth? 

These values of i, w and r being substituted in 
the equation, it becomes 

4x3984|-=2124-x3>c</*; 

that is, d* = -ggy^g- = 25, 

or, <f = 5 inches, the depth re- 
quired. , 



1 
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The data in both cases remaining ; determine the 
same for a shaft of wrought iron. 
The formula for wrought iron, is 

Then, to find the breadth, we have by substitution 

4x3984| = 238x6*xi; 

that is, 6960 b = 16937-6, 

or, b = ^^^Q =2-68 inches, the 

breadth required. 

To find the depth, we have by substitution 
4x3984f = 238x3xrf«; 

; : that is, d' = i^jj^ = 22-3214, 

or, df = V 22-3214 = 4-72 inches, 
the depth required. • 

Example 10. A square shaft of cast iron is found 
to resist a load of 4628^^ lbs. acting at the circum- 
ference of a wheel whose radius is 7 feet ; what is 
the side of the. shaft ? ' 

The formula for a square beam, is 

rw? = 160^'. 
Here w = 4628f lbs. and r = 7 feet, hence by sub- 
stitution, our equation becomes 

160^ = 32400; 

that iSj s^ = -jso" = 2*^^ 

or, j = ?/ 2IS = 6 inches, the side 
of the square required. 
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4 

The data remaining ; let the same be determined 
for a shaft of wrought iron. 

The formula for wrought iron, is 

rwr=, 168*'. 
And this, by substituting the above numbers, becomes 

168*' =32400; 

that is, s' = ^^ = 192-867, 

* or, * = i^ 192-857 = 6"78 inches, 
the side of the square required. 

Example 11. A cylindrical shaft of cast iron, is 
found to resist a force of 2000 lbs. acting at the cir- 
cumference of a wheel whose radius is 9 feet ; what 
is the diameter of the shaft ? 

The formula for a cylindrical beam^ is 

rw- 126 rf*. 
And this, by substitution becomes 

126^/'= 18000; 

that is, d^ = -jg^ = 144, 

or, rf = Mii = 6*24 inches, the 
diameter required. 

The data remaining ; let the same be found when 
the shaft is of wrought iron. 

The formula for wrought iron, is 

rtt;=140rf'. 

And this, by substitution becomes 
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140 J»= 18000; 
that is, <f=^= 128-57, 

140 

or, d= 1/ 128-57 = 5*047 inches, 
the diameter required. 

Note. The above example is the same as that 
given by Mr. Tredgold at art. 228 of his Treatise on 
Cast Iron ; and the coincidence of the results is a proof 
if any were wanted^ that the theory which we have 
established is correct. 

9 

Example 12. Let the load and the leverage be 
the same as in the preceding example^ and suppose 
the shaft to be a hollow cylinder or tube, in which 
the thickness of metal is one-fifth of the exterior 
diameter ; what is the diameter ? 

The formula for the tubular beam in this case, is 

rtt?=:108•8rf^ (fSee equation flj). ' 
Which becomes by substitution 

108-8 rf'= 18000; 

. that is, rf^=^= 165-438, 

or, rf=: s/ 165-438 = 6-49 inches, 
the diameter required. 

The data remaining ; let the same be found for a 
wrought iron shaft. 

The formula for wrought iron, is 

rw- 122rf^ (/Sfee equation b). 
And this by substitution, becomes 

H 
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122 rf»= 18000; 
that is, rf»=i|^= 131-147, 

or, rf= i/ 131-147 = 5*28 inches, 
the diameter required. 

Having as we proposed^ shewn the method of 
determining each {quantity in terms of the others, 
we may here remark, that when the length of the 
shaft or axle is greater than one-eighth of the wheel's 
diameter, or one-fourth of the lever, the lateral stress 
on the shaft will always be greater than the twisting 
force : yet, what we have previously laid down em- 
braces the consideration of the twisting strain only ; 
but in shafts of great lengths in respect to their 
diameters, the effect of flexure must be considered ; 
and this, of course, is the next subject that claims 
our attention. 

It is affirmed by writers on the resistance of 
solids, that when a beam or shaft, whose length is 
greater than ks diameter, is subjected to the action 
of any force which endeavours to twist it round, the 
line of greatest strain is in the direct;ion of the dia- 
gonal of a square ; and if a square be drawn on the 
surface of a beam in its natural form, it will become 
a rhombus by the action of the straining force (see 
Tredgold on Cast Iron, art. 229 v) ; hence it fol- 
lows, that the quantity of angular motion is double 
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the extensioa of the length of the beam, therefore 
we get 

7 d(pzzl6 1 *....(€) 

where / is the length of the beam in feet^ d its dia* 
meter in inches, and (p the angle of torsion. 

It is shewn in the table at page 48, that the 
relative extensibility of wrought iron, compared to 
cast iron as unity, is 0-86; hence, the preceding 
equation becomes^ for wrought iron 

7^^=13-76/ (d) 

These two equations are sufficient for computing 
the angle of torsion, whatever the form of the beam 
or shaft may be, as is manifest from the circum- 
stance, that no other dimensions enter the equations . 
besides the length / and diameter d; where d may re- 
present either the breadth of a rectangular beam, 
the side of a square beam, or the diameter of a cy- 
lindrical beam, / representing the length in them all. 

Here follow a few examples to shew the method 
of reducing the equations. 

♦ This equation is found in the following manner : 24 / = the 
length of die beam in inches, of which the diameter is d inches ; 
-j^J^ is the extension in length of cast iron, and •0174533 is the 
length of an arc of one dtegree to radius 1 ; therefore we get 

!if: = :?i?15^, where f is the angle of 

1204 2 ' ^ 

torsion ; and this reduces to 7«f^ = 16 /, the same as we have em- 
ployed above. 
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Example 13. The upright shaft of a mill is 30 
feet long^ and its diameter 10 inches; how far is it 
twisted when strained to the extent of its elastic 
force ? 

Here ^ = 10 inches^ and / = 30 feet; let these 
numbers be substituted for d and / in equation (c) 
preceding^ and it becomes 

7x 10x?i=: 16x30; 

48 

that is, ^=y = 64^ degrees, for the 

angle of torsion. But the length of an arc of 6\ de- 
grees, in a circle whose radius is 5 inches, as in the 
present instance, is 0*6 inches nearly ; hence we 
infer, that the strained point of the shaft, moves over 
something more than half an inch, before its elastic 
force becomes impaired. 

The data remaibing ; determine the same for a 
shaft of wrought iron. 

Substitute the given length and diameter in 
equation {d\ and it becomes 

7x 10 x?i= 13-76x30; 

412*8 

that is, ^ = —fj^ =6-9 degrees nearly, 
for the angle of torsion in a wrought iron beam. 

Example 14. A cast iron beam, 20 feet long and 
6 inches the side of the square, is strained to the 
extent of its elastic force; over what space does 
the strained point move? 
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Substitute the given numbers 6 aild 20, for d 
and / respectively in equation (c), and we get 

7x6x^=16x20; 

that is, (p = — = 7^ degrees, the angle 

of torsion, the length of which to radius 3^2 is 0*66 
inches nearly, the space required. 

The data remaining; let the same be determined 
for a shaft of wrougljit iron. By substitution, equa- 
tion (d) becomes 

7x6x^=13-76x20; 

275*2 

that is, ^= -^ = 5-55 degrees, the 

angle of torsion, the length of which to radius 3^2 
is 0"48 inches nearly, the space required. 

Example 15. A cylindrical shaft of cast iron, 
1 8 feet long, in being strained ^ the extent of its 
elastic force, is twisted through an angle of 6-|- de- 
grees; what is its diameter? 

Here ^ = 6^ degrees, and / = 1 8 feet ; let these 

quantities be substituted in equation (c), and it 

becomes 

7x6ixrf=16x 18; 

288 

that is, £/ = |^= 6*33 inches nearly, 

the diameter required. 

The same determined for wrought iron, is 

, 247-68 c .. . 1 

rf= ~7r-r- =6'44 mches. 

45*6 

Example 16. A cast iron shaft, of 6 inches 
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diameter, in being strained to the extent of its elastic 
force, is twisted through an angle of 5 degrees; what 
is its length ? 

Here we have from equation (c), 

16/=7x6x 5; 

that is, /= -yg = 13^ feet, the length 
required. 

For wrought iron, it is 

210 



/ = 



13*76 



= 16-26 feet. 



So much then for the flexure of beams when 
exposed to a twisting strain; we have therefore, 
in the next place, to inquire into their stiffness to 
resist it. It is shewn by writers on the resistance 
of solids, that the angle of. torsion is directly as the 
straining force ; ap^ we find from equation (c) pre- 
ceding, that the expression for the angle of torsion 
in terms of the dimensions of the beam, is 

16/ 

Hence, by comparing this equation, with those given 
for the strength of the rectangular^ the square^ the 
cylindrical, and the tubtUar beams, we shall have as 
follows : 

For the rectangular beam. 
Let b be substituted for the breadth of the 

« 

beam in equaticm (c), and we get, 



16Z 



425 bd^ 
2r 



W=z 



297 5 b^d^(p 
32 Ir 
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For the square beam. 
Let s be substituted for the §ide of the squate in 
equation (c), and we get 

16/ 150 s^ 525s^(p 

7s ^ r Sir 

For the cylindrical beam. 
Let d retain its place and value in equation (c), 

and we get 

16/ 125 rf3 875 rf*^ 

Id ^ T 16/r 

-Fbr Me tubular beam. 
Let £^ remain as in the last case, and we get 

16/ 125d»(l-p^) _ 875(/^<p(l-p^) 

7rf-^-- "t •"^-" 16/r ' 

The results of the preceding analogies, in a sim- 
plified form, are as under, viz. 

For the rectangular beam , lrw:=^2^b^d^((>. 

For the square beam, / r ti; = 66 5* 9. 

For the cylindrical beam, I rw= 55 d^<p. 

For the tubular beam, /rti;= 55 rf*^(l —/?*). . 
And these equations adapted to wrought iron beams, 
are respectively as below, viz. 

For the rectangular beam, I r w=: 121 b^d^ (p. 

For the square beam, lrw=: 86 s^ p. 

For the cylindrical beam, lrw= 72 d^p. 

For the tubular beam, Irwzz 72 rf*^ ( 1 — p*). 
These equations for wrought iron, are derived from 
those for cast iron, by mierely multiplying each of 
the co-efficients into 1*3 the number in the table 
page 69, which denotes the relative stiffness of . 



96 Resistance to Torsion. . 

wrought iron, when that of cast iron is unity. We 
have given the results in round numbers. 

Having established the theory of the strength, 
Jlerure, and stiffness of beams when exposed to a 
twisting strain, and illustrated the method of reducing 
the formulae, for every variety in the case of strength 
?LTLAJlewure, it only now remains, to apply the formulae 
for stiffness to a few practical examples, such as most 
frequently occur in the practice of the engineer ; 
previous to which, it may not be irrelevant toremark, 
that in so far as practice is concerned, there will 
always be given, the power, the lever or radius of the 
wheel, the length of the shaft, and the flexure ; con- 
sequently, the remaining part or parts can easily be 
found, as will appear from what follows. 

Example 17. Let it be required to determine a 

rectangular shaft of cast iron 18 feet long, that shall 

be capable of transmitting a power equal to 2520 lbs. 

acting at the pircumference of a wheel whose radius 

is 6 feet, the flexure, or twist not to exceed 4 

degrees? 

The formula for the rectangular beam is 

lrwzz2^b^d^(p. 
Substitute the given numbers in this equation, and 
it becomes 

18 X 5 X 2520 = 93 x 4 x A«^*; 

that is, 4*^ = ?^ = 609-6774, 

or J (5? = >/ 609-6774 = 24*69 inches. 



.■^•^-P^RH 



^^ ^ 
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for the area of section ; therefore, if we assume the 
breadth to be 4f inches, M^e shall have the depth 
5*2 inches very nearly; hence the dimensions are 
known. 

« 

The data remaining ; 4^1^^^ i^^i^^ the same when 
the shaft is of wrought iron. 

The formula for wrought iron, is 

Irw = 121 ¥(P<p. 
Substitute the given numbers in this equation, and 

it becomes 

18x5x2520= 121 x4x**<?; 

that is, b*d' = ^^ = 468-695, 

484 

or, bd=: >/468-595 = 2I'64 inches, 
the area of section. Assume the breadth = 4*75 
inches as before, and we shall have 4 "65 inches for 
the depth or other dimension. 

Example 18. Let it be requii'ed to find the side 
of a square shaft of cast iron, 12 feet long, to trans- 
mit a power of 800 lbs. acting on a pinion of \\ feet 
radius, the flexure, or angle of twist being 2\ degrees* 

The formula for a square beam, is 

lrw:=:QQs'^(f>. 
Substitute the given numbers in this equation, and 

it becomes 

12 X li X 800 = 66 X 2^. y ^*; 

14400 

that is, s^ = '-f^ = 87-72, 



or, ^ = v^ 87-72 = 3*05 inches, 
the side of the square required. 
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The data remaining ; determine the same when 
ihe shaft is of wroug;ht iron. 

The formula for wrought iron, is 

/rtt?=86^*(p. 

Substitute the given numbers in this equation, and 

it becomes 

12 X l^x 800 = 86 X 2ix **; 

14400 

that is, s* = i||^ = 66-976744, 

or, ^ = -^ 66-976744 = 2 '86 inches, 
the side of the square required. 

Example 19. Let it be required to determine the 
diameter of a cylindrical shaft of cast iron, 26 feet 
long, to transmit a power of 2000 lbs, acting at the 
circumference of a wheel whose radius is 9 feet, the 
flexure, or twisting not to exceed half a degree. 
The formula for the cylindrical beam, is 

Irwzz 55d^(p. 
Substitute the given numbers in this equation, and 
it becomes 

26 X 91 X 2000 = 55 X -5 X d^; 

that is, d" = ^^ = 17018-18, 



or, rf= v' 17018 1*8= 11*42 inches, 
the diameter required. 

The data remaining; determine the same when 
the shaft is of wrought iron. 

The formirta for wrought iron is, 

lrw± 72rf*^. 



^ 'W 



Ul*,^ ' 
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Substitute the given numbers in this equation^ and 

it becomes 

26 X 9 X 2000 =: 72 X -6 X rf* ; 

^u *• J% 468000 ,Q^^^ 
that IS, (T = — 3g— = 18000, 

QT, d=: i/ 13000 = 10-67 inches, 
the diameter sought. 

EiVample 20. Given the same as in the last ex- 
ample, with the shaft tubular, and the thickness of 
metal one-fifth of the exterior diameter; to find the 
diameter. 

The formula for a tubular beam^ is 

lrw=: 55 d^(p (I -p% 
But we have shewn elsewhere, that when the thick- 
ness of metal is one-fifth of the exterior diameter, 
p = 0*6 (see the solution of the fourth example) ; 
therefore, if 0*6 be substituted for p in the equa- 
tion above, it becomes 

lrw=48d*(p. 
Substitute the given numbers in this equation, and 

we get 

26 X 9 X 2000 = 48 X -6 X £f : 

*i.4.- ^ 468000 inir/x/Y 

that IS, (T = — TTT— = 19500, 

24 ' 

or, rf = 4^ 19500 = 11 • 8 1 inches, 
the diameter sought. 

The data remaining ; determine the same when 
the shaft is of wrought iron. 

The formula for wrought iron, reduced as above, is 

lriv=62d*<f). 



J > 
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Substitute the given numbers in this equation, and 

it becomes 

26 X 9 X 2000 = 62 x -6 x </*; 

that is, d^ - ^^^ - 1 6096-7742, 

or, rf = X^ 1 5096-7742 = 1 1 -08 inches, 
the diameter sought. * 

Then for cast iron, 11-81 x 0*6= 7-086 inches, 
for the diameter of the hollow part ; and for wrought 
iron, 1 1 -08 X 0-6 = 6*648 inches. 

This is enough ; the theory of the resistance to 
torsion is completed; and we have further to redeem * 
our pledge, by ^treating in like manner of the resist- 
ance to compression^ tension^ and impulsion^ to which 
object the following pages are devoted. 
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It is a principle in the thepry of res^sts^nce, that 
while the strain is within the elastic power of the 
material, bodies resist compression and, ea^tension with 
equal forces. {See Tredgolp on Cast Iron, art. 71). 
Hence it follows, that the rules which apply to the 
several conditions of a compressing strain^ are equally 
applicable to similar conditions of an extending one; 
and for this reason,^ we have thought proper to rank 
the resistance to compression, and the resista^c^oe to 
extension, undei; one and tke sai;ne head. 

In establishing the thepry of the resistance to 
compression and tension, we shall, for the purpose 
of reference, adopt the ^^^i*^^ employed by Mr. 
Teedgolp.; but as geoi;Qeti:ical 4^mpiQ3tratiw ia 
entii;ely foreign to our pl^^* the r^adeic who. lOjgiy 
feel desirous, of facing tl^ inv^gatioiji, must con- 
sult the above-named author's valuable essay on 
casit iron> where he will have hia: wishes fully 
gratified. 
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Let A A' be a column, supported at 
A', and supporting a load at A; and 
suppose the column to be strained to 
the full extent of its elastic force ; then, 
let B 6 be a line in the plane of the 
section for which the calculations are 
made, and 

Put / = A A' the length of the 
column in feet ; 
b = the breadth, and 
d = the depth, both in inches ; 
D=-EG, the distance between the direc- 
tion of the straining force, and the 
centre of the column: 
^ = AGB, the angle which the direction 
of the straining force makes with the 
section of fracture ; 
and 15300 = the cohesive force of cast iron. 
(See Teedoold on Cast Iron, art. 106). 

Then, by the principles of mechanics, we have 



. 15300 6 d ^ cosec ^ 



.(«) 



d + 6D+3/cot^ 

And from this equation, we propose to trace the re- 
lation subsisting between the strain, and the several 
directions of the straining force, as follows : ' 

L When the direction of the straining force coin- 
cides mth the a^is of the column. 



Resistance to Compression mid Tension. J 05 

In this case, D r= o, and p = 90* ; therefore^ 
cosec 9=1, and cot 9=0. Let these values of D, 
cosec (py and cot p, be substituted for them in equa- 
tion (e), and it becomes 

w=: 15300 bd. 

» 

2. When the direction of the straining force coin- 
cides with the surface of the column. 

In this case also 9 =90®; consequently cosec 
f = 1, and cot 9=0, the same as before ; but D = |^rf: 
hence by substitution, equation (e) becomes 

w=3825 4(/. 

3. When the direction of the straining force is 
perpendicular to the plane of fracture ^ but not coin- 
cident with the axis or surface of the column. 

Here again 9 =90°; therefore cosec ?>= 1, and cot 
p=;:a: hence by substitution, equation (e) becomes 

15300 6 d* 
^= d+6D- 

These three equations, it is evident, apply to 
the calculation of rectangular posts or columns, 
when their length is inconsiderable, or not more 
than ten or twelve times the least dimension ; and 
when the posts are square, they become respect- 
ively 



1. 


IT =15300**, 


2. 


j»= 3826**, 


3. 


15300 «\ 




I 



106 Resistance to Compression and Tension. 

And when adapted to wrought iron/ they become 

For the rectangular form. 

1. w:^ 17800 bd, 

2. w- 4460 A rf, 

^ 17800 &d« 

For the square form. 

1. a;= 17800^, 

2. w^ 4460 ^•, 

^ 17800 s« 

The following examples will shew the method of 
applying these formulae, according as the columns may 
be rectangular or square, and of cast or wrought iron. 

Example 1 . What must be the brea4th and depth 

of a rectangular column of cast iron, to support a 

load of 40668 lbs: its length being inconsiderable, 

and the direction of the straining force coinciding 

with the axis? 

The formula for this case of a rectangular 

column, is 

a^= 16300 W; 

but w^ 40668 lbs. by the question ; therefore, we get 

*rf=Y^^= 2*66 inches, for the 

area of the section; and if d'=.\\ inches, then A= 
1*76 inches.* 

^ In the case of rectangular columns, the thickness or deptk d 
is always taken as the least dimen/sion. 
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The data remaining ; determine the same for a 
square beam. 

The formula for a square beam, is 

w- 15300 s\ 
And w = 40568 lbs. by the question ; hence we have 

40568^ 

or, s=z V 2^= 1*62 inches, for the 
side of the square required. 

Find the same things in the case of wrought iron. 
The formula for wrought iron, is 

t0=l78OO bd; 
and by the question a^= 40568 lbs. hence we have 

irf=jyg^=2*28 inches, the area 
of section ; and if </= 1-|- inches, then bzzV 52 inches 
nearly. 

The data remaining ; determine the same for a 
square beam. 

The formula for a square, is 

tt^= 17800^; 
but w= 40568 lbs. Hence we have 

40568 
17800 

or, s=: >/2^=r51 inches, for the 
side of the square required. 

Example 2. The breadth of a rectangular support 
of cast iron is 8 inches ; what must be its depth to 
bear a weight of 60 tons, or 134400 lbs. the direction 
of the force being in the surface of the column ? 



* — nroAA — ^ ^^ y 
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The formula for this case of a rectangular co- 
lumn, is 

W-3S25 bd. 

Now w=L 13400 lbs. and i=8 inches by the ques- 
tion ; therefore, we have 

^= ooft g o = 4'39 inches, for the 

3825 X 8 

depth required. 

Determine the side of a square column to 
support 134400 lbs. 

The formula for a square, is 

w=3825s^. 
Therefore, we have 

or, ^ = >/ 35- 1 37 = 5 "92 inches, for 
the side of the square sought. 

Let the same be found when the column is of 
wrought iron. 

The formula for wrought iron, is 

3» = 4460*rf. 

And by the question, re; =134400 lbs. and 3 = 8 
inches J let these be substituted in the equation^ 
and it becomes 

d'=Z' ^^ Q = 3'76 inches^ for the 

4450 X 8 ' 

depth required. 

Determine the same for a square beam. 
The formula for a square, is 

w=4460^*. 



^/^"'^^^^^^m^Kmm 
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Now «»= 134400 lbs. by the question ; therefore, we 
have 

or, ^ = >/ 30-202 = 6'49 inches, the 

side of the square required. 

Example 3. What must be the breadth of a rect- 
angular column or block of cast iron, to resist a 
pressure of 25 tons, or 56000 lbs. supposing the 
thickness or depth to be 3 inches, and the direction 
of the straining force to meet the plane of fracture 
perpendicularly, at the distance of one inch from 
the axis of the column ? 

The formula for this case of the rectangular 
column, is 

153006^2 



d+6D 

Here we have a^ = 56000 lbs. ^=3 inches, and 
D=: 1 inch. Hence, by substitution we ^et 

, 56000x9 o^/5 • u xu 

^= 15300x9 = ^'^^ mches, the 
breadth required. 

The weight and distance remaining ; what is the 
side of the square column ? 

The formula for the square, is 

15300 s» 

W^l :: 

- 5+6D 

By substituting the given quantities in this equa- 
tion^ we obtain after proper reduction, 

, 560 1120 , . , , . 

^-j^*=-5Y-» ^"ic*i bemg 
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reduced by the rules for the reduction of cubic 

equations, gives 

j=3'23 inches nearly, for the 

side of the square. 

Determine the same for a column of wrought 
iron. 

The formula for wrought iron, is 

17800 A rf2 

Now «;= 66000 lbs. d=S inches, and D=l inch; 
therefore, by substitution we get 

, 56000 X 9 « , .^ . u ^u 

^~ l7800x9 ^^'^^^ mches, the 
breadth required. 

The load and distance remaining ; what is the 
side of the square column ? 

The formula for the square, is 

_ 17800 s» 
^^ S+6D- 

Which, by substitution and reduction becomes 

. 280 1680 . . , , . 

^ - 89^^ ="89"' ^"^^" being re- 
duced by the rules for the reduction of cubic equa- 
tions, gives 

^=3'05 inches nearly, the side of 

the square required. 

So much for rectangular and square blocks of cast 
and wrought iron ; but the same formulae are readily 
adapted to several species of wood by means of the 
following tablet. 
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We have hitherto taken no notice of the column 
when its form is cylindrical ; but from the relation of 
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its strength to that of its circumscribed prism, the 

formulae may be easily adapted to this form also. 

Now, it has been shewn in the solution of Prob. III. 

page 10, that the strength of a cylindric beam, is to 

the strength of its circumscribing square prism as 
4*71 : 8 very nearly ; but it is further shewn by 

writers on mechanics, that in the extreme limit of 

strength the ratio is as 5*5 to 8 nearly ; the mean is 

therefore 5*1 to 8: and by reducing the equations 

^or the square column in the same ratio, the results 

will very nearly represent the strength of cylindrical 

columns under the same, or similar circumstances. 

The reduced results are as follows. 

For short Cylindrical Columns. 



1 

2 



Cast Iron. 



w = 
w = 



9754 (f 2 

2439 d« 

9754 d» 
d+ 6D 



Wrought Iwn. 



Ui.. 



w 
w 

w 



11348d« 
2837 d« 

11348 <j> 
d+ (iD 



The method of reducing these equations is the 
same as we have already illustrated, and when 
modified for the several kinds of wood, they are 
as exhibited in the following table. 



Resistance to Compression and Tension^ 113 



Table of Formula for Cylindrical Columns^ 



Name cfthe Wood, 



Ash 



Bteeh 



Elm 



FvTy red or yellow 

Fir, white 

Oaky English . . 
Pine, American 



Ccuel. 



«;=2257(f2 



w = 1504(i« 



w = 2065^2 



w = 2735d^ 



w = 2314^2 



w = 2524^2 



w = 2486c?2 



Cass 2, 



W s= 



W 5= 



w = 



«; = 



w 



w = 



w = 



564^2 

376 d« 

516rf2 

684d* 

579 rf!^ 
631 rf2 

622^2 



Case^^. 



tO=s= 



ta ITS 



W =: 



w = 



W 5» 



w = 



w = 



2257 d^ 
d + 6 D 

1504 d^ 
d+ WW 

.2066 d» 

2735 d^ 

2314 6f3 

&94d» 
d + eD 

2486 rf« 
rf + 6D 



The following example will be sufficient to shew 
how these formulae are to be applied to the calcula- 
tion of strength. 

Example 4. A cylindrical column of beech whose 
length is ioconsiderable, has its diameter 8 inches ; 
what weight will it bear, the direction of the strain- 
ing force being perpendicular to the plane of fracture, 
and one inch distant from the centre of the column ? 

The formula for beech in this case^ is 

1504 d^ 



«? = 



d+6D 



Here rf=8 inches and D = l inch; therefore, by 



substitution we get 



tt,=i!^i^= 55003 lbs. the 



8+6 



weight required nearly. 
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We have now to consider the resistance of co- 
lumns, when they are of such a length, that the 
deflexion produced by the strain ma^ be sufficient 
to increase the distance of the direction of the 
straining force from the axis of the column ; for in 
that case, it is evident that the strain will be in- 
creased. Now, the writers on the resistance of 
solids have shewn, that the deflexion in the middle 
of a column, when strained by a compressing force, is 
a maximum when the neutral axis coincides with 
the axis of the column (see Tredgold on Cast Iron, 
Art 240) ; and in that case the calculated deflexion is 

° 4816rf 

But the distance of the straining force from the axis 
of the column is increased by that quantity, that is 



D + 



4816 d 



Let this be substituted for D in equation (e), 
or rather, in the third case for short rectangular co- 
lumns, and it bepomes, in the case of strength 

15300 6 (f2 



«;= 



d+GD-f. 



6/« 

4A\fid 



But in order that the length may be in feet, we have 

15300 *d2 



fvzz 



rf+6D + 



54 f« 
301 <f' 



Which, after further reduction, becomes 

4605300 &d3 



ws: 



301ds + 1806dD+54/s 



(/) 



* •• 
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Therefore, from this equation, in the case of columns 
of considerable length, we have, 

1 . When the direction of the straining force coin- 
cides with the axis of the column. 

In this case D = 0; hence, by substitution and 
reduction, equation (/) becomes 

15300 ft e^s 

2. When the direction of the straining force coin- 
cides with the surface of the column. 

Here we have D = ^ rf ; therefore, by substitu- 
tion, equation (/) becomes . 

_ 3825 ft d^ 

3. When the direction of the straining force is per- 
pendicular to the plane of fracture, but not coincident 
with the axis or surface of the column. 

In this case equation (/) becomes 

_ 15330 ft rf» 

These equations are applicable to columns of a 
rectangular form, and when adapted to the square 
prism and the cylinder, they are exhibited in the 
following table. 



Square Caiumns, 



X 

2 



W =: 



m; = 



w = 



15300 «« 



#'+•179/' 

3825 1* 
«»+-045/* 

15300 «« 



«» + 6dD + -179/* 



Cylindnoai Columns. 



w = 



tc; = 



9754 rf* 



d«+-179/» 

2439 d* 
d' + «045/* 



W = 



9764 d* 



d» + 6 rfDf 179 /« 
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It tnu8t be observed, howeTer, that the expres- 
sions for the cylindrical columns are only approxi- 
mative, on account of having employed the mean 
between the two limits oif strength, instead of the 
true number that would result from a direct solution 
of the particular case; but they will, notwithstanding, 
be found suflSciently near the truth for practical 
purposes. 

When modified for wrought iron, they are as 
follows : 

Table of Formula for Wrought Iron Columns of the Rect^ 
angular. Square, and Cylindrical Forms. 



Rectangular Coiumru. 



1 
2 
3 



L 



tas 



1i;:s 



W^ 



17800 b rf» 

4450 6 rf» 
d«+-038/% 

17800 h rf» 



d»+6rfD+-164/« 



Square Cohimfu, 



w = 



W s=: 



11;=: 



17800 «^ 



«»+164/» 
;44fl0g* 

17800 <* 



CyUfiiirical Columns, 



w = 



«;=: 



w =: 



llS48rf* 
d»+-164/* 

2837 d* 
rf*+-038/« 

11348 rf« 



The adaptation of these formulae to the several 
kinds of wood, the cohesive force of which is known, 
is left for exercise to the reader ; we therefore pro- 
ceed to apply those for cast and wrought iron to a 
few practical examples. 

Example 5. A rectangular column of cast iron, 
2 inches deep» 5 inches broad, and 24 feet long, is 
strained to the extent of its elastic force, by a load 



I- - ■■' 
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acting in the direction of the axis ; by what load is 
it compressed? 

This is the first case of rectangular columns, the 
formula for which, is 

15300 bd^ 

w^ . 

d2 + -179Z2 > 

Here rf=2 inches, ^ = 5 inches, and /=24 feet; let 
these numbers be substituted for b, d and / in the 

4 

equation, and it becomes 

15300x5x23 



ii; = 



that is, ii;= 



22+-179x242 ' 
612000 



= 6714 lbs. the load 



107-104 

required. ^ 

Example 6. What is the side of a square beam 
of the same length, and placed under similar cir- 
cumstances, to bear the same load? 

The formula for this case of a square column, is 

15300 s* 
S24--179/2 

But M? = 5714 ibs. and / = 24 feet; hence, by sub- 
stitution, we have 

multiplication and transposition, we obtain 
15300**- 57144* = 689136-256, 

and this by division becomes 

*♦- -37344*= 38-5066, 

and by completing the square we get 

5*- .37345« + -03486 = 38-54046, 
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and, by evolution, it becomes 

J*- •1867=6-208, which, by trans- 
position, is 

^ = 6-3947 ; . 

therefore, by evolution, we have . / ^ 

s= '^^jfi = 2*^ inches, the 

side of the square required. '*^/ 

The above operation is tedious, but it cannot be 
avoided in cases where the length and the load are 
given to determine the side ; a similar process dis- 
covers the diameter of a cylindrical column ; but in 
the case of a rectangle, if the breadth, together with 
the length and the load, be given to determine the 
depth, the process is still more tedious and difficult, 
as, in that case, the reduction of a cubic equation 
is necessary. It is not, however, in the power of 
science to simplify the subject ; and for those who are 
unacquainted with algebra, there is no alternative 
but having recourse to tables constructed for the 
purpose ; or, otherwise, where tables are not to be 
found, their works, however extensive and import- 
ant, must in a great measure be constructed at 
random. 

Example 7. Required the weight that a cylin- 
drical column of cast iron, 6 inches in diameter and 
14 feet long, can support with safety, the direction 
of the straining forcd coinciding with the surface ? 

The formula for this case of a cylindrical column, is 



■ wi ■ ■ ■ I ■ M II ^^mmmm^^w^f'^r^^^^ 
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2439 d^ 
d2+-045Z« 

Here we have rf=6 inches, and /=14 feet; let 
these values be substituted for d and / in the equa- 
tion, and it becomes 

2439 X 6* 
6«+'045xl4« ' 

that is, w = . . Q^ = 70525 lbs. the 

' 44'82 

weight required. 

Mr. Tredgold's constant for this case is 2390, 
which, of course, would give a much less load ; the 
difference of the results arises from the circumstance 
of his having taken the mean of the limiting ratios a 
little in excess; but this, after all, is perhaps the 
safest way in practice. 

Example 8. The length of a rectangular column 
of wrought iron is 16 feet, its breadth 4, and depth 
2\ inches ; what load will it sustain, supposing the 
direction of the straining force to be half an inch 
distant from the axis? 

The formula for this case of wrought iron, is 

_ 17800 6 rf» 
^— ci«+6dD+-154/2' 

But &=4 inches, dz=.2\ inches, D = ^ an inch, and 
/=16 feet; let these numbers be substituted for 
b, d, D and /, and our equation become^ 

17800 x4x5«-5» 



W = 



2-6«+6x2-5x-5+-154xl6« » 



that is, t£?=-^^:g^= 18674 lbs. the load re- 



quired. 
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Another example or two will suffice for this part 
of the subject. 

Example 9. What force will a circular rib of cast 
iron resist, acting in the direction of its chord, the 
length of the chord being 12 feet, the breadth of the 
rib 9 inches, its depth or thickness 2 inches, and the 
greatest distance of the chord from the axis of the 
rib 6\ inches? 

This agrees with the third case of rectangular 
beams, where the direction of the straining force is 
not coincident with the axis or surface of the beam. 

The formula for this case, is 

_ 15300 6 cg3 

Here i = 9 inches, rf=2 inches, D = 5*75 inches, and 
7=12 feet; let these values of i, d, D and /, be 
substituted instead of them in the preceding equa- 
tion, and it becomes 

15300 X 9 X 2» 



«; = 



2«-|-6x2x5-75 + -179xl2«' 



that is, w =: ■ QQ.yyg = 1 11 52 lbs, the force re- 
quired. 

Example 10. A cylindrical rod of wrought iron, 
4 feet long, is exposed to a compression or tension 
of 5760 ]^s. in the direction of its axis ; what is its 
diameter ? ^ 

This is the first case of cylindrical beams, and 
the formula for wrought iron, is 

11348^4 



d« + -154Z« 
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Here we have tv = 5760 lbs. and / = 4 feet, by the 
question ; let these numbers be substituted in the 
equation, and it becomes 

5760= J,^l^l!^l^ ; and this, by 

exterminating the fraction, becomes 

5760rf* + 16496-64 = 11348 J*, 

or by transposition we have 

11348rf*-5760^«= 16496-64; 

and again by division it is 

^*--5076 rf' = 1-4537; therefore, by 

completing the square we obtain, 

d*- -5075 d' + C^y^ 1-4637 + C^)', 

I 

and by extracting the square root we get 

rf._'i^ = ^1.4537 + (•i^)'= 1-2296; 

and again by transposition we obtain, 

rf«= 1-4832; 

therefore, d;= ^/^4833 =1-21 inches, the 
diameter sought. 

Such is the method of calculating the piston rods 
for double-acting steam engines ; they are alter- 
nately exposed to compression and tension, and the 
force which is to be resisted is the pressure of the 
steam on the piston. 

We have stated elsewhere, that when the beam 
is exposed to a conipressive force, inasmuch as the 
flexure increases the direction of the force from the 

K 
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axis of the beam, so much is the strain increased ; 
on the contrary, however, when the beam is exposed 
to an extending force, we find that the strain, in- 
stead of being increased by flexure, is diminished by 
it, inasmuch as it decreases the distance of the 
extending force from the axis of the beam. This is 
an important circumstance in the application of iron 
supports : it shews, that in all cases where it is 
possible to employ a tensile strain, the force of the 
metal to resist fracture is so much the greater, and, 
in consequence, the fitter for its intended purpose. 
We have already shewn that the ^exure in the case 
of compression is expressed by the equation 

■" 4Sl6d' 

but since bodies resist compression and extension 
with equal forces, it is obvious that the flexure in 
the case of extension must be the same ; therefore, 
if / the length of the beam be taken in feet, we have 

° "■ 301 d* 

* 

But D is the distance of the direction of the strain- 
ing force from the axis of the beam, and 

301 d' 

becojnes that distance when modified for the effect 
of flexure. Let this expression be substituted for 
D in the third case for short rectangular l^eams, and 

-we get 



I 

I 
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15300 6d« 



w = 



d + 6D-^^'' 



30l<f 

which, by reducing the fraction in the last member 
of the denominator, becomes 

— 15300 6 d^ . V 

^ — ci« + 6D-.-179Z2 ^^ 

therefore, to allow for the effect of flexure in beams 
of considerable length, when exposed to an extend- 
ing force, we have 

1 . When the direction of the straining force coin- 
cides with the axis. 

Here the distance between the direction of the 
straining force is nothing, consequently the repre- 
sentative of that distance in the denominator of the 
fraction which expresses the strength is nothing 
also; therefore we obtain 

w- 153004^. 

We may here observe, that the result just ob- 
tained is precisely the same a& that for the first case 
of short rectangular beams ; from which we infer, 
that when a body is compressed or extended in the 
direction of its axis, the strength is neither increased 
nor diminished by means of its length, setting aside 
the effect that may be produced by the weight of 
the beam itself. 

I 2. When the direction of the straining force coin-- 
cides with the surface of the column. 

In this case, the direction of the straining force 
is distant from the axis of the beam by half its depth ; 
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that is^ D = -1^^; let this value of D be substituted 
in equation (g), and we get 

_ 3825 ft cP 

3. When the direction of the straining force is per- 
pendicular to the plane of fracture, but not coincident 
with the cLvis or surface of the beam. 

The equation for this case is the same as equa- 
tion (g*), that is, 

15300 6 «P 
w = 



d2 + 6D— -nQ/s' 

The adaptation of these equations to square and 
cylindrical beams, and also to the same forms of 
wrought iron, is the very same as has been done 
already, observing only, that in the case of a tensile 
flexure, the last member of the denominator of the 
fraction which expresses the strength must be sub- 
tracted. 

We may here remark, that what we have hitherto 
done applies only to particular cases, where the di- 
rection of the straining force is perpendicular to the 
plane of fracture; but there may be other cases 
where this will not happen, and consequently the 
foregoing equations will not apply ; the general so- 
lution, however, is indicated in equation (e), which 
being modified for flexure, as respects the com- 
pressing and extending strain, becomes 

_ 15300 fecf^cosec^ , , v 

^ "^ cZ2 + 6dD±-179Z«H-36/cot^" ** "W 

For the square beam, it is 
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15300s^cosec^ 



t^ = 



s« + 6 sD ± -179 1^ + 36 /cot (p* 

and for the cyliudrical beam it is 

9754c2^cosec4A 
tozz. 

rf2H-6rfD±-179Z«+36Zcot(p' 

The adaptation of these general equations to 
wrought iron is left for the reader's practice ; and by 
carefully attending to what has been done, it is pre- 
sumed he will find no difficulty in doing so : we 
shall therefore conclude our inquiries respecting the 
resistance to compression and tension with the solution 
of the following general example. 

Example 1 1 . A uniform rectangular beam of cast 
iron, 4 inches broad, 3 inches deep, and 12 feet long, 
is strained to the extent of its elastic power by a 
load which compresses it in a direction inclined to 
the plane of fracture at an angle 6f 89^ ; what load 
does, it sustain ? 

In this example the distance of the direction of 
the straining force from the axis of the beam is, by 
plane trigonometry, 

D = 6 cot (p. 
Therefore, by substituting this expression for D in 
equation (A), it becomes for compression 

15300 6d^co3ec^ 

^^ d« + 36(rf + /)cot(p + -179/«' 

Now, J =4 inches, rf = 3 inches, and /= 12 feet; let 
these numbers be substituted for b, d, and /, and the 
equation becomes 
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_ 1652400 cosec ^ r 

^ "" 24-776 -f 540 cot (p ' 

but ^ = 89®; consequently cosec9= 1 nearly, and 
cot^='01746. Hence we get 

^ _ 1652^ _ ^gg^g J^^^ ^j^^ j^^^ 

OO'A 

required. 

It is much to be regretted that the subject in* 
volves such high equations in the deterpiination of 
the dimensions to resist a given strain under cer- 
tain conditions ; because, from the small share of 
mathematical knowledge possessed by mechanics 
in general, we fear that a direct calculation in 
this respect will seldom be resorted to; and an 
approximate estimate made indirectly, may fre- 
quently be attended with very serious consequences : 
we would therefore earnestly advise every person 
connected with mechanical pursuits, to pay atten- 
tion to the study of algebra, in order that he may 
be prepared to resolve all such equations when- 
ever they occur; for it is impossible to adapt the 
deductions of science to the capacities of those 
who have occasion for them. It is however to be 
expected, that the formation of mechanics' insti- 
tutions and mechanical schools, will have an im- 
portant influence in extending mathematical know- 
ledge among the members of the profession. 

Wq now proceed to consider the resistance of 
bodies when exposed to impulsive forces. 
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The forms of beams which are most likely to be 
exposed to impulsive forces in cases of practice are 
the rectangular^ the grooved ^ and the opew; therefore, 
in considering the nature of resistance to impulsion^ 
we shall confine our inquiries to these three forms 
only. 

Now, we have shewn in the solution of the^r^f, 
ffth, and sixth problems, that the expressions for 
the resistance of those forms in the case of pressure 
are respectively as below, viz. 

For the rectangular beam, /«; = 860 b rf^ 
For the grooved beam, - / m; = 860 J £/*(! — qp^). 
For the open beam, - - /m; = 860 bd^(]. —p^). 
And in the solution of the tenth problem it is shewn 
that the deflexion for those forms is, 

X = —J—, or rather i = 



d ' "" 7225 rf* 

Hence, by taking the deflexion in feet, and intro- 
ducing the number which expresses the power of 
gravity, viz. 32-|^; we have, from the laws of the 
collision of bodies, 

^^-V^— 17— 
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And, by squaring both sides of this equation, it be-^ 
comes, after proper reduction, 

nm^^n2bdl; 

where v is the velocity of the moving body in feet 
per second, m its mass or weight in lbs., and b^d, 
and /, the dimensions of the beam as formerly em- 

« 

ployed : hence, when the moving body is urged by 
the power of gravity, we have, 

1 • When the beam is uniform in breadth and depth, 

l7mv'-772bdL 

2. When the beam is uniform in depths and its 
transverse section in form of the letter I. 

\1 mv" ^n2bdl(l^qp^). 

3. When the beam is uniform in breadth and depth, 
but has a part of the middle left out, 

I7mv^=:772bdl{l^p'). 

These three cases express the conditions of the 
beams when the depth is the same throughout the 
length ; but, as we have remarked elsewhere, those 
forms are, for the sake of lightness and economy, 
frequently cast with the outline of the depth ellip- 
tical, and when this happens to be the case, the 
equations which express the conditions of resistance, 
are as under. 

4. When the breadth is uniform, and the outline of 
the depth elliptical, 

I7mv'zz992bdl. 
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5. When the outline of the depth is elliptical, and the 
transverse section inform of the letter I, 

17mv*- 992bdl(l-qp'). 

6. When the outline of the depth is elliptical, and 
part of the middle left out. 

17 mv^zz 992 bd I (l--p^). 
The last three of these equations are deduced 
from the first three in the following manner. It has 
been shewn in Problem X. that the deflexion for a 
uniform beam, when the load is applied at the middle 
of the length, is 

"" 7225 d ' 

and at page 46 it is shewn, that the deflexion for a 
beam having the outline of the depth an ellipsis, is 

V -0257/2 

or, more accurately, 

v_ 370-224 /« ^ 
14450^ ' 

therefore we have 

^ '- 1^ ••' '^'^^ • 992 very nearly. 
Hence, 992 being substituted for 772 in each of the 
first three equations, gives the last three accordingly. 
We may further observe, that in each of the pre- 
ceding six cases, the beam is supposed to be sup- 
ported at the ends^ and the load to produce its effect 
at the middle point; but in the case of the three 
latter, this supposition is not necessary ; for, as we 
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shall shew further on, the beams are alike* capable 
at every point throughout the length . to resist the 
impulsion, and hence they are designated beams of 
equal strength. 

We shall, in the next place, give a few examples 
to shew the method of reducing the formulae. 

Example 1 . A uniform rectangular beam of cast 
iron, r53 inches broad, 6 inches deep; and 26 feet 
long, is exposed to a gravitating force of 8 feet per 
second ; what is the weight of the gravitating body, 
the impulse being just within the elastic power of 
cast iron ? ' 

The formula belongs to Case 1, viz. 

nmv'^n2bdl. 

Now 4 = 1*63 inches, </ = 6 inches, / = 26 feet, 
and t; = 8 feet : let these numbers be substituted in 
the equation for by d, /, and t;, and it becomes 

17 X 8^.x w = 772 X 1-53 x 6 x 26; 

that is, 771 = — fo88~ ^ 1 69*36 lbs. very nearly. 

But by the first case of rectangular beams, when 
exposed to pressure, a beam of the same section, and 
26 feet long, will bear, without permanent alteration, 
a load of not less than 1801 lbs. including its own 
weight, or 1418 lbs. excluding its own weight; 
hence it appears, that a load of 169 lbs. falling from 
a height of about one foot, will produce the same 
effect on a beam by impulsion, that a load of 14 18 lbs; 
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will produce by pressure, setting aside the con- 
sideration of the effect produced by the weight of the 
beam in both cases, but which would indeed have a 
very important influence in the comparison. 

Example 2. A cast iron beam of uniform depth, 
having its transverse section in form of the letter I, 
is supported at the ends, and exposed to a blow 
from a weight of 100 lbs. falling freely through a 
height of 4 feet ; what must be the depth of the 
beam to sustain the shock, supposing its length to 
be 30 feet, its greatest breadth 4 inches, the breadth 
in the middle \\ inches, and the depth in the middle 
.7 times the whole depth ? 

If h be the height in feet through which a body 
falls by the force of gravity, then, the writers on the 
laws of falling bodies have shewn that^ 

Consequently, when the height of the fall is given 
instead of the velocity, we have only to employ 64^ 
times that height in the calculation instead of t;*, 
taking care, however, that the fall is reduced to feet, 
or otherwise, 64^ must be reduced to inches, in 
order to render the terms homogeneous. 

In the solution of the fifth problem it is shewn 

"n h — TK 

that ^ = ^ , and q = — r— ; where B is the breadth 

of the middle or grooved part of the beam, and D its 
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depth; consequently, in the present example we 

have JD = 5 = -7, and q = ^-^ = -625. Now, the 

formula for this example belongs to Case 2, and is 

I7mff=772bdl(l-qp'). 
If the above values ofp and q be substituted in this 
equation, it becomes 

17»it;*= 606 bd I. 
Now, 4 = 4 inches, / = 30 feet, w = 100 lbs. 
and tf=: 64\ x 4; let these numbers be substituted 
in the equation, and we obtain 

606 X 4 X 30 X rf = 17 X 100 X 64i X 4; 

that is, d = ^^, = 6 '01 inches nearly, 

the depth required. Therefore, the depth of the 
middle part or groove is 6*01 x -7 = 4 207 inches. 

The fractions •? and '625 are those recommended 
by Mr. Tredgold as answering very well for prac- 
tical purposes ; but it may often happen, that the 

value both of p and q may vary from the above 
numbers; and as the substitution of those quantities 
in the original equation is tedious, on account of the 
high exponent of p, we shall, before we proceed 
further, give a small tablet of constants to be used 
in the equation for all values ofp and q, from "1 to 
•9, both inclusive, as follows. 
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Table of Constants corresponding to the several Values 

ofp and q. 



6* 
. -1 


- 




1 

Values ofihe Fraction p> 








•1 


•2 


•3 


•4 


•6 


•6 


•7 


•8 


•9 


772 


771 


770 


767 


762 


755 


745 


732 


716 


•2 


772 


771 


768 


762 


753 


738 


719 


693 


659 


•3 


772 


770 


766 


757 


743 


722 


692 


653 


603 


•4 


772 


769 


764^ 


752 


733 


705 


666 


614 


547 


•5 


772 


769 


761 


747 


.724 


688 


639 


574 


490 


•6 


771 


768 


759 


742 


714 


672 


613 


535 


434 


•7 


771 


767 


757 


737 


704 


655 


586 


495 


378 


•8 


771 


767 


755 


732 


695 


638 


560 


456 


322 


•& 


771 


766 


753 


727 


685 


622 


534 


416 


265 


1-0 


771 


766 


751 


723 675 


605 


507 


377 


209 



The use of this table in the practice of calcula- 
tion may be exemplified as follows. 

Example 3. A grooved beam of cast iron, of uni- 
form depth throughout, is 5 inches broad in the pro- 
jections, 2\ inches broad in the groove, 24 inches 
the whole depth, 19*2 inches deep in the groove, 
and 36 feet long ; what weight will it sustain, falling 
on its middle point with a velocity of 10 feet per 
second ? 

Herejt> = -^ = "8, and q = -^ — = -5; and the 

formula is that belonging to Case 2, viz. 

llmv'zi 772bdl(l'-qp'). 
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Therefore, look in the table under '8, the value ofp, 

and opposite '5, the value of q ; and in the angle of 

meeting we find 574 for the constant to be employed 

in the preceding equation instead of 772 (I --qp^); 

hence we get 

l7mvf'=57AbdL 

Now, 4 = 6 inches, £/ = 24 inched, / = 36 feet, 
and t; = 10; let these numbers be substituted in the 
equation reduced for p and q, and it becomes 

17 X 10* X w = 574 X 5 K 24 X 36 ; 

^t. A • 2479680 i^^o r,ii 1 

that IS, m = ^ zz 1458-6 lbs. nearly, 

the weight required. And so on for any other value 
ofp and q within the limits of the Table. 

Example A. A load of 120 lbs. falling freely by 
the force of gravity, strikes a cast iron beam with a 
velocity of 20 feet per second ; what must be the 
depth of the beam to sustain the shock, its breadth 
being 4 inches, length 30 feet, and the depth of the 
open part -6 times the whole depth ? 

The formula is that belonging to Case 3, viz. 
I7mt;*= 772 bdl (I --p'). 

Now, in this case jd = '6 given, y = 1, from the 
nature of the question ; therefore, in the Table under 
'6, the value of j), and opposite 1, the value of y, we 
have 605, thie constant to be employed instead of 
772 (1 — />*) ; hence the equation, reduced for p, be- 
comes 
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17 mv^ = 605bdl. 
But A = 4 inches, / 1= 30 feet, m = 120 lbs, and 
«; 1= 20 feet ; let these numbers be substituted in 
the reduced equation, and. we have 

605 X 4 X 30 X rf = 17 X 120 x 20^ 

• that is, d = gQ^ = 11-23 inches nearly, 

the depth required; and 11*23 x '6 = 6*738 inches, 
the depth of the open part. 

The following tablet ^ill assist the reader in 
applying the formula for this form of beam for the 
several values of the letter/? from '1 to '9, both in- 
clusive. 

p = •] 17 mv^ =■ nibdl, 

p= -2 I7mv' = imbdl, 

p- -3 17wt;* = 75lbdl, 

p= -4 17^1;* = 72Zbdl, 

p=z '5....17mv^ = 675bdl, 

p- -6 17w«;* = QObbdl, 

j9= -7 17mif=507bdl, 

p=-8 17 mv'' = 377 bdl, 

p= '9....l7mif = 209bdl; 

where it will be seen that the constants are respec- 
tively those in the last line of the preceding table, 
in which case q = 1, as it must be in an open beam, 
where the breadth of the middle part is zero. 

Example 5. A load of 2240 lbs. is allowed to fall 
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from a height of 9 inches, on the middle point of an 
open beam of cast iron, whose depth is 28 inches, 
and length 34 feet; what must be the breadth of 
the beam to resist the shock, the depth being uni- 
form, and the depth of the open part *5 times the 
whole depth? 

Here, jd = '5, consequently the formula for this 
example, taken from the preceding ta'blet, is 

I7mv'^675bdl. 

Now, we have already shewn that when the height 
of the fall is given in feet, 

t;* = 64iA; 

but in this instance h = '75 feet ; hence we get 
v^ = 48^ ; and, by the question, rf = 28 inches, 
/ = 34 feet, and m = 2240 lbs. hence by substitu- 
tion we obtain 

676 X 28 X 34 X A = 17 X 2240x48^; 

*u * • L 1837360 o ofi • u 

that IS, b = -g42600 ^ ^*^^ ^^^^^^ ^^^y 

nearly, for the breadth required ; 28 x -5= 14 inches, 
for the -depth of the open part. 

We have next to consider those cases whet-e the 
outline of the depth is elliptical, as follows : 

Example 6. A cast iron beam, 30 feiBt long and 
2 inches broad, has the outline of its depth an el- 
lipsis ; what must be its greatest depth to resist a 
load of 3360 lbs. falling from a height of 3 inches ? 



:<^V^i^B^i^ 
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The formula for this example is that belonging 

to Case 4, viz. ^ 

17mv^zz992bdl. 

But A = 2 inches, / = 30 feet, m = 3360 lbs., and 
v^ = 64i x-^; let these numbers be substituted in 
the equation for b, /, m, and v, and it becomes 

992 X 2 X 30 X rf = 17 X 3360 x 64i x ^ ; 

that i&yd= 59520" ^ 15*43 inches 

nearly, the depth required. 

Example 7. A cast iron beam, 25 feet long, has 
the outline of the depth an ellipsis, its greatest ^ 
breadth 6 inches, breadth of the middle part 2^ 
inches, the greatest depth 20 inches, and the depth 
of the middle part at the place of greatest section 
15 inches ; from what height must a load of 224 lbs. 
descend, so that the force of impact may be just 
within the elastic power of the beam ? 

The formula for this example belongs to Case 5, 

viz 

I7mv^=:992bdl(lr-qp'). 

Now, JO =^ ;= -75, and q::p -^ — ='58^; therefore, 

by modifying the equation for these values ofp and 

y, it becomes 

I7mv^=742bdl. 

But ^ = 6 inches, rf = 20 inches, / = 25, and 
m iz 224 lbs. let these numbers be substituted in 
the reduced equation, and we get 
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17 X 224 X »*= 742 X 6 X 20 X 26 ; 
that is, «* = ?^2 = 600-3209, 

or, V = a/ 600'3209 = 24*5 feet per 
second nearly, for the velocity of impact, which 
corresponds to a fall of 9 '33 feet nearly. 

The following Table shews the constants to be 
used for all values of p and y, from •! to 1, both 
inclusive. 



Table of Constants corresponding to the several values 

ofp and q. 



1 

•1 


Values of the FradMn p. 


•1 


•2 


•3 


•4 


•5 


•6 


•7 


•8 


•9 


992 


991 


989 


985 


979 


970 


958 


941 


919 


•2 


992 


990 


987 


979 


967 


949 


924 


890 


847 


•3 


992 


989 


984 


973 


955 


928 


890 


839 


775 


•4 


992 

• 


989 


981 


967 


942 


906 


856 


789 


703 


•5 


991 


988 


978 


960 


930 


885 


822 


738 


630 


•6 


991 


987 


976 


954 


917 


863 


788 


687 


588 


•7- 


991 


986 


973 


947 


905 


842 


754 


636 


486 


•8 


991 


985" 


970 


941 


893 


820 


720 


586 


413 


•9 


991 


985 


968 


935 


880 


799 


686 


535 


341 


1-0 


991 


984 


965 


928 


868 


778 


652 


484 


269 



The use of the Table for practical purposes, will 
become manifest from the following example. 

Example 8. A cast iron beam, 32 feet long and 



9 
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4 inches broad, has the outline of its depth an 
ellipsis, and is subjected to an impulsive force of 
8 feet per second ; what is the weight of the falling 
body, supposing the greatest depth of the beam to 
be 36 inches, the depth of the middle part 28*8 
inches, and breadth 2 inches ? 

Here, JO = ^^ = -8 inches, and y = — ~ = -5 inches; 

therefore, in the table under '8, the value of/?, and 
opposite '5, the value of q, we find 738 for the con- 
stant to be employed in the equation, instead of 
992 (1 — y/>^), to' which it is equivalent. 
The formula, therefore, is 

l7mv^=i7S8bdl. 

Now, A=4 inches, rf=36 inches, /=:32 feet, and 
v = S feet ; let these numbers be substituted in the 
equation for b, d, I and v, and it becomes 

17 X 8* X »?= 738 X 4 X 36 x 32 ; 

that is, w= -^y- = 3125-6 lbs. very nearly, 

for the weight of the falling body required. 

Example 9. An open beam of cast iron, 28 feet 
long and 5 inches broad, has the outline of the 
depth elliptical, and is exposed to the force of 
500 lbs falling from a height of 9 feet ; what must 
be the greatest depth of the beam to sustain the 
blow, the depth of the open part being -7 of the 
whole depth? 
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The formula for this example is that belonging 
to Case 6, viz. 

17w3t;« = 992irf/(i-/). 

But /?=•?; therefore by substitution our equation 

becomes 

17mv^=652bdl. 

Now, b=5 inches, /=28 feet, wj=600 lbs. and 
t;*= 64^x9; let these numbers be substituted in 
the equation instead of b, I, m and v, and we have 

652 X 6 X 28 X rf= 17 x 500 x 64ix 9 ; 

that is, fl?=-5r— o""^^^^^^^^^^^^^^^' 

for the depth required ; the depth of the open part 
is 53*9 X '7 = 37-73 inches, consequently the deep- 
ness of metal is only 53'9 — 37-73= 16'17 inches. 
Now, a beam of this form, and of the dimensions thus 
determined, will sustain a load of 285554 lbs. when 
exposed to pressure only ; from which appears the 
great disadvantage of exposing beams of such a 
brittle nature as cast iron is, to very high impul- 
sive forces. 

The following tablet for the several values of jt?, 
will be useful in the calculation of beams of this 

form. 

j»=-l l7mv^=:Q9lbdl, 

p = '2 I7mt^-984bdl, 

jo=-3 17mv^=i965bdl, 

p='^....l7mv^zz92Sbdl, 
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j9=-5 17wit;*=868*rf/, 

j»=-6 \lmv*-ll%bdl, 

p='7 17mv=:652bdl, 

p=-8.,. .l7mv»=A84bdl, 
p=-9 \7mv*=2e9bdi. 

We shall, in the next place, endeavour to shew 

t 

the advantage that arises from moulding the beams 
into the elliptical form, after the manner implied in 
the fourth, ^Jfih^ and sij^th cases preceding. 

It is stated in the Note to Case 2 of the first 
problem on the transverse strain, that it is an im- 
portant circumstance in the construction of cast iron 
beams^ the strain being proportional to the rectangle 
of the segments into which the length between the 
supports is divided at the point where the load is 
applied: from it we learn^ that the depth of the 
cross section may be diminished from the point of 
greatest strain towards the supported points, in a cer- 
tain ratio^ without any diminution of useful strength ; 
hence, a great saving of the material can be effected^ 
or with the same quantity of material, a considerable 
accession of strength can be obtained, for this reason, 
that a portion of the m^al may be wiUidrawn from 
those parts of the beam where the strain is least, and 
accumulated at or near the middle, where the strain- 
ing force produces a maximum effect Let us, there- 
fore, inquire what will be the form of a beam when 
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cast in this manner ; that is, when it is equally strong 
at every point' of its length. 

Now, we have already seen that 

mnw=2l2^lbd\ 

(See Case 2, Prob. I. page 6). 

Therefore, supposing the length. and breadth to 
remain the same, it is evident that d^ varies as mnw; 
but u; is by supposition constant for every value of 
mn; hence d^ varies simply as m n. Now, mn\^ the 
rectangle of the segments into which the length of 
the beam is divided at the point of strain, con- 
sequently the square of the depth varies as the 
rectangle of the segments. By adverting to the 
fundamental property of the ellipsis, or the rela- 
tion that subsists between the abscissae and their 
corresponding ordinates, it will be seen that they 
follow precisely the same law; we therefore con- 
clude, that when the length and breadth are con- 
stant, if the beam be equally strong at every point 
of its length, the outline of the depth must be an 
ellipsis. 

We shall now examine if the foregoing reasoning 
be correct ; and for this purpose let us suppose that 

« 

a cast iron beam, 20 feet long and one inch broad, 
bears a load of 4480 lbs. at the middle of its length;, 
while the elastic force remains unimpaired ; and for 
the sake of greater simplicity, let the effect pro- 
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duced by the weight of the beam at the several 
* points of division be always supposed to be in- 
cluded in the effect produced by 4480 lbs. or, in 
other words, let the strain produced by the load, 
together with* the weight of the beam, be a constant 
quantity ; then, for the greatest depth, or that at the 
middle where the strain is a maximum, we have 



l....d= yiOx 10x4480 ^ 10-267 inches. 

V^ 212-5 X 20 

Now, if we suppose half the length to be divided 
into ten equal parts, and calculate the depth foe 
each point of division, we shall have the following 
series of depths : 

2....d= 3-0801 Vll = 10-216, 

3 <f = 4-1068>/"6= 10-057, 

4 <?= 1-0267 V 91 = O-idS, 

5 </= 2-0534 V2l = 9-409, 

6 rf= 5-1335 V"3= 8-891, 

7 d= 1-0267 X 8= 8-214, " 

8....d= 1-0267V51 = 7-332, 

9 d= 1-0267 X 6 = 6-160, 

10.... rf= 1-0267 V 19= 4-474. 

If these ordinates be calculated from the pro- 
perty of the ellipsis, they will be found to be exactly 
the same ; hence it is evident, that when the beam 
is equally strong at every point of its length, the 
form must be elliptical 



/ 
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We are hence enabled to compare the advantages 
or disadvantages that arise from the use of rectan- 
gular or elliptic beams. 

Let it, for instance^ be proposed to determine 
the difference cX strength between a rectangular 
and elliptic beam, when loaded at the middle, the 
length, breadth, and quantity of metal being the 
same in both. 

Since the length, breadth, and quantity of mistal 
are the same, it is evident that the area of the vertical 

k 

longitudinal sections must also be the same ; hence, 
the greatest depth of the elliptic beam must exceed 
the depth of the rectangular one, to produce the 
same area. Now the writers on mensuration have 
shewn, that the area of an ellipsis is ecjual to the 
product of the two axes drawn into the decimal 
•7854 ; therefore, the comparative depths of a rec- 
tangle and an ellipsis of the same length and area, 

are as 1 to Zjon^ ?^' ^^^ strength of beams having 
the same length and breadth, and placed under the 
same circumstances, are as the squares of the depth ; 
hence, the strength of a rectangular beam is to the 
strength of an elliptic one of the same length and 
breadth, and containing the same quantity of metal, 
as 1 to 1*62, or as 10 to 16*2 nearly: therefore we 
conclude, that when the flexure of the beam is not 
an object of consequence, there is a great advantage 
in making the form elliptical : but to return. 
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The six caseis that we have already considered 

under the head of resistance to impulsion, apply to 

beams that are at rest, and operated on by a force 

in motion, such as the force excited by the impact 

of a heavy body falling freely by the force of gravity ; 

we shall, therefore, in the next place, consider the 

resistance of beams that are themselves in motion, 

and operated on by a moving force, such as the 

parts of machinery, &c. Now, it is easy to shew, 

that the weight of a uniform rectangular beam of 

cast iron is expressed by 3'2bdl; where 3*2 is the 

weight in lbs. of a bar of that material, one inch 

square and twelve inches long, and bdl \& the area 

of the transverse section, drawn into the length of 

the beam in feet. But it is a well-known fact in 

mechanics, that the whole mass of the beam would 

acquire the same momentum only, as if half that 

mass were collected at the middle point {see Tred- 

GOLD on Cast Iron, art. 261); therefore the above 

expression becomes 1'6 bdl, for half the weight of 
the beam. 

In the solution of the first case of the first pro- 
blem, it is shewn that 

lw=S50bd^; 

and in the solution of the tenth problem, the cor- 
responding deflexion is shewn to be 

^^ = ■7225"- 
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Therefore, if/be the moving force and v its velocity, 
then, by the principles of mechanics, we have 



fv=:bdl^^- 



6 176 
85 * 



(See Tredgold on Cast Iron, art. 279). 
And from this equation, slightly modified, we 
obtain, 

7. When the beam is uniform in breadth and depth, 

supported at the ends, and the moving force acts at the 

middk, 

1000/t;= 8524 bd I. 

8. When the beam is parabolic, supported at the 
ends, and the moving force acts at the middle, 

1000/t; = 10782 A rf/. 

9. When the beam is uniform in breadth and depth, 
fixed on a centre of motion, with the force acting at one 

end, and resisted at the other, 

1000 fv = 8524 bdl^ T+R.* 

10. When the beam is parabolic, fixed on a centre 
of motion, with the force acting at one end, and resisted 
at the other, 

1000 fv = 8803 bdl\/ rTR. 

If the arms of the beam between the centre of 
motion and each extremity be equal, as is generally 

* In calculating the deflexion for a beam, when fixed at one 
end and loaded at the other (page 42), it was shewn that R is the 
quotient that arises from the division of the fixed part by the pro- 
jecting part of the beam. 



Resistance to Impulsion. 149 

the case, the equations 9 and 10 will become re- 

spectively 

9« 1000/t;= 12055/, 

10' 1000/t; = 12U9bdl. 

The following examples will shew the practical, 

application of the foregoing formulae. 

Example 10. A uniform rectangular beam of cast 
iron, 12 feet long and 2\ inches broad, has a power 
of 3000 lbs. applied at its middle point; what must 
be the depth of the beam to resist that power, sup- 
posing its velocity to be 3 feet per second ? 

The formula is that belonging to case 7, viz. 

1000/t;= 8524 3 rf/. 

But * = 2i inches, / = 12 feet, / = 3000 lbs. and 
t; = 3 feet ; let these numbers be substituted in the 
equation for b, l^f, and v, and we obtain 

8524x2ix 12xrf= 1000x3000x3; 
that is, rf=: "oTof = 36*2 inches nearly, for 

the depth of the beam required. 

Example 11. The data remaining; what must be 
the depth of a parabolic beam, when placed under 
the same circumstances ? 

The formula is that belonging to Case 8, viz. 

1000/t; = 10782 A rf/. 

Here, A = 2^ inches, / = 12 feet,/= 3000 lbs. and 
i; = 3 fpet. Let these numbers be substituted in 
the equation for 3, /, / and v, and we have 



/ 
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10782x2ix 12xrf= 1000x3000x3; 

that is, d = Q^ = 27'82 inches nearly, 

for the depth of the beam required. 

Example 12. A uniform rectangular beam of cast 
iron, 24 feet long and 34 inches deep, is fixed on a 
centre of motion at the middle of its length ; what 
must be the breadth of the beam to withstand a 
force of 5000 lbs., moving with a velocity of 4 feet 
per second ? 

The formula is that reduced for Case 9% viz. 

1000/t;r= 12055 irf/. 
Here, £^ = 34 inches ; and since the beam in this 
example is fixed on a centre of motion at the middle 
of the length, / = 12 feet, /= 5000 Jbs. and v = 
4 feet. Let these numbers be substituted for d, l^f^ 
and v, and we obtain 

12055 X 34 X 12 X A = 1000 x 6000 x 4; 

that is, h = 122961 ^ ^^^ inches^ nearly, 
for the breadth sought. 

Example 13. The data remaining; what must be 
the breadth of a parabolic beam, when placed under 
the same circumstances ? 

The formula is that reduced for Case 10', viz. 

1000/1?.= 12449 irf/. 
Now, rf = 34 inches, / = 12 feet,/= 5000 lbs. and 
t; = 4 fe^t ; substitute these numbers in the equa* 
tion, and it becomes 
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12449 X 34 X 12 X i = 1000 x 5000 x 4 ; 

^u i. • z 2500000 o no • u 1 

that IS, b = ^^.Q^^ =3*93 inches nearly, 

634899 •' 

for the breadth required. 

Equations similar to the above may easily be 
deduced for beams of the grooved and open forms, 
whether they be uniform in depth or cast in shape 
of a parabola or an ellipsis ; but since the steps of 
derivation and reduction would be similar to what 
we have already done, we have thought proper to 
omit them. 
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RULES 



FOR 



THE TRANSVERSE STRENGTH- 



RECTANGULAR BEAMS. 

1 . Wh^n the beam is rectangular^ supported hori^ 
sumtally at the ends and loaded in the middle (see Case 1 » 
Prob. L page 5). 

Example I . In the equation 

there are given » the breadth b^ the depth d^ and the 
length of bearing or distance between the supports 
I ; to find the weight w. 

Rule. Multiply 850 times the breadth in inches 
by the square of the depth in inches, and divide the 
product by the length of bearing in fe^t, for the 
weight to be supported in pounds « 

Example 2. In the equation 

/tt?=860*rf^ 
there are given, the depth rf, the length of bearing t^ 
and the Joad w ; to find the breadth b. 

Rule. Multiply the lei^gtb of bearing, or distance 
between the supports in feet, by the given loc^d> and 



166 Rules for the Transverse Strength, 

divide the product by 850 times the square of the 
depth in inches, for the breadth required. 
Example 3. In the equation 

/a?=8503rf«, 

there are given, the breadth b, the length of bearing 
I, and the load w ; to find the depth d. 

Rule. Multiply the length of bearing, or distance 
between the supports in feet, by the load to be sup- 
ported in pounds, divide the product by 850 times 
the breadth in inches, and extract the square root 
of the quotient, for the depth required. 

2. When the beam is rectangular, supported hori- 
zontally at the ends, and loaded at some intermediate 
point (see Case 2, Prob. I. page 6). 

Example 4. In the equation 

mnw=2l2lbd\ 

there are given, the breadth b, the depth d, and m 
and n the segments of the length of bearing ; to 
find the load w. 

4 

Rule. Multiply 212 times the breadth in inches 
by the sum of the segments of the length of bearing 
in feet, drawn into the square of the depth in inches, 
and divide the product by the rectangle of the seg- 
ments, for t}ie load to be supported in pounds. 

Example 5. In the equation . 

' '»i««^=212/*rf^ 
there are giveti, the depth d, the load w, and m and n. 
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the segments of the length of bearing ; to find the 
breadth bi 

Rule. Multiply the given load in pounds by the 
rectangle of the segments of the length of bearing in 
feet, and divide the product by 212 times the length, 
or sura of the segments, drawn into the square of 
the depth' in inches, for the breadth required. 

Example 6. In the equation 

mnw=:212lbd\ 
there are given, the breadth b, the load w, and m 
and n the segments of the length of bearing; to 
find the depth d. 

Rule. Multiply the given load by the rectangle 
of the segments of the length of bearing, in feet, 
divide the product by 212 times. the sum of the seg- 
ments, drawn into the breadth in inches, and extract 
the square root of the quotient for the depth re- 
quired. 

Example 1 . In the equation > 

mnw^lYllbd^, 
there are given, the breadth i, the depth rf, the 
length of bearing or sum of the segmients /, and the 
load w ; to find m and n, the segments of the length 
separately. 

Rule. Multiply 850 times the length of bearing 
in feet by the breadth drawn into the square of the 
depth, both in inches; divide, the product by the 
given load, and subtract the quotient from the 
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square of the length in feet; then» to or from the 
length add or subtract the square root of the re* 
matnder, and half the sum, or half the dHTerence, 
will give the greater or lesser segment accordingly. 

Note. The formula for the third, fourth, fifth, 
and sixth cases of the first problem,^ being precisely 
of the same form as that corresponding to the first 
case, with the exception of the constant number, it 
seems unnecessary to repeat the rules ; because, if 
the constant belonging to each particular case be 
substituted for and employed instead of 850, the 
rules in other respects would be precisely the same. 

We therefore proceed to those cases given in the 
note, page 8, and 

1. When the beam is rectangular, supported hori-^ 
zimtatty at the ends, loaded in the middle, and the dej^ 
any gix^a% number of times greater than the breadth. 
{See Case 1 of the first class, page 8). 

Example 8. In the equation 

/tt7a'=850rf^ 
there are given, the depth rf, the length of bearing 
or distance between the supports /, and the number 
of times that the depth exceeds the breadUi a; ; to 
find the load or weight w that the beam will 
sustain. 

Rule. Divide eight times the cube of the depth 
in inches by the length of bearing in feet, drawn 
iato the number of times that the depth exoeeids 
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the breadth, aod the quotient will give the load 
required in pounds. 

Example 9. In the equation 

/«;^=:850rf', 
there are given, the depth rf, the length of bearing 
i, and the load w ; to find x^ the number of times 
that the depth exceeds the breadth. 

Ruk. Divide 850 times the cube of the depth in 
inches by the load in pounds, drawn into the length 
c^ bearing in feet, and the quotient will express the 
ikumber of times that tfaie depth is greater tjKia the 
breadth. 

Eirample 10. In the eiquatioii 

/t(?;r=t:860rf', 
there are given, the length of bearing /, tb^ load w, 
and the number Jr, wiiich expresses how often the 
depth is greater than the breadth ; to find the 
depth d. 

Rule. Muftiply togetfaier the length of bearing in 
feet, the load to be supported in pounds, and the 
number expressing how often the depth .conlains 
the breadth ; then divide the product by 850, and 
the cube root of the quotient will be the depth 
required. Let the depth thus found be divided by 
the number which denotes the ratio of > the depth 
to the breadth, and the breadth itself will become 
known. 

2. When the b^am is rectangular, supported hori- 
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zontally at the ends^ loaded at some intermediate pokit), , 
and the ratio between the breadth and depth given. (See 
Case 2 of the first class, page 8). 

fl 

Example 11. lu the equation 

mnwxzz2\2ld^^ 
there are given, the depth </, the length /, the ratio 
between, the breadth and depth x, and m and n the 
segments of the length ; to find the load w. 

Rule. Divide 212 times the length in feet, drawn 
into the cube of the depth in inches, by the rect-^ 
angle of the segments of the length, drawn into tl^ 
number which denotes how often the depth contains 
the breadth, and the quotient will be the. load in 
pounds that the beam will bear. 

Example 12. In the equation 

ninfvxi=:2l2ld\ 
there are given, the depth ^, the length of bearing /^ 
the load w^ and m and n the segments of the length ; 
to find .r, the number of times that tfie depth* con- 
tains the breadth. 

Rule. Divide 212 times the length of bearing. in 
&et, drawn into the cube of the depth in inches, by 
the rectangle of the segments of the length, drawn 
into the load in. pounds, and the quotient will be 
the number of times, that the d^th contains the 
breadth. . ' 

Example 13. In the equation 
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there are given, the leagth /, the segments of the 
length m and n, the load u;, and the number of times 
that the depth contains the breadth a? ; to find the 
depth d. . i 

Rule. Multiply together the rectangle of the 
segments of the length, the load in pounds, and the 
number that expresses how often the depth exceeds 
the breadth ; divide the product by 212 times the 
length of bearing, and extract the cabe rdot of the 
quotient for the depth required. » 

Ea^ample 14. In the equation 

mnwx:=: 212 Id^y ; 

there are given, the depth d, the length /, the load w, 
and the number .r which expresses how often the 
depth contains the breadth; to -find m and », the 
segments of the length, separately. 

Ruk. Multiply 850 times the length of bearing 
in feet, by the cube of the depth in . inches ; divide 
the product by the load in pounds, drawn into the 
number of times that the depth. contains the. breadth, 
and subtract the quotient from the square of the 
length in feet; then, to or from the length, add. or 
subtract the square root of the remainder, andt half 
the sum, or half the difference, will give the greater 
or lesser segment accordingly. 

Note. The other cases of this class have their 
corresponding formula similar to that of the first 
case, and consequently separate rules are unneces- 
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smj, observing only to uae the constants for those 
eases respectively, instead of 850, after the same 
manner as we stated in the preceding Note. We 
now proceed to consider the second class of equa^ 
tions, given at page 8. 

SQUARE BEAMS. 

1 . When the beam is square, supported horizantaUy 
at the ends, loaded in the middle, and the direction of 
the straining force parallel to the side. (See Case 1 of 
the second class, ps^e 8). 

Ea?ample 15. In the equation 

/«;:=850^, 
there are given, the length of bearing /, and the side 
of the square s ; to find w, the load that the beam 
will sustain. 

Ride. Divide 850 times the cnbe of the side in 
inches, by the length of bearing in feet, and the 
quotient will be tiieiioad required in pounds. 

Example 16. In the equation 

/to=:860/, 
there are given, the length of bearing /, and the load 
w ; to find s, the side 4>f the square. 

Rule. Multiply the length of bearidg in £eet by 
the load in pounds ; divide the product by 850, and 
the cube root of the quotient is the side of the square 
required in inches. 

2. When the beam is square, supported horizontally 
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at ih^ ends, loaded at same intermediate point, and tht 
direction of the straining force parallel to the side. 
{See Case 2 of the second class, page &)• 

Example 17. In the equation 

mnwzz^A^ls^, 
there are given, the length of bearing /, the side s, 
and m and n, the segments of the length ; to find 
the load w. 

Rule. Divide 212 times the length of bearing m 
feet, drawn into the cube of the side in inches, by 
the rectangle of the segments of the length, and tjie 
quotient will be the load required in pounds. 

Ea^ampk 18. In the equation 

mnw^2\2ls^, 
there are given, the length of bearing /, the load w^ 
and m and n the segments of the length ; to find s, 
the side of the square. 

Rule. Multiply the rectangle of the segments of 
the length by the load in pounds ; divide the pro^ 
duct by 212 times the sum of the segments, or length 
of bearing in feet, and extract the cube root of Ihe 
quotient for the side of the square required. 

Example 19. In the equation 

w«t£?=212/^, 
there are given, the length of bearing /, the load «?, 
smd the side of the square s ; to find m and n, the 
segments of the length separately. 

Ruk. Multiply 850 times the length of bearing in 
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feet by the cube of the side in inches ; divide the 
product by the given load, and subtract the quotient 
from the square of the length in feet ; then, to or 
from the length add or subtract the square root of 
the remainder, and half the sum, or half the differ- 
ence, will give the greater or lesser segment ac* 
cordingly. 

Note. The remaining formulae of this class being 
similar in form to the first, we think it unnecessary 
to - draw up separate rules for their reduction; and 
we shall here remark, that in what' follows^ the rules 
will be given for the first and second cases of each 
class only ; those for the first case being applicable 
to the third, fourth, fifth, and sixth cases, if the cor- 
responding constants for those cases be employed. 
' We may further observe, that the rules which we 
have just given for the square beam when the di- 
rection of the straining force is parallel to the side, 
apply also to the case when the direction of the 
force coincides with the vertical diagonal, provided 
600 be substituted for 860, and 150 for 212. We, 
therefore, pass on to the cylindrical form of beams, 
as treated of in Problem III. page 10. 

CYLINDRICAL BEAMS. 

1 . When the beam is cylindrical, supported hori- 
zontally at the ends, and loaded in the middle, (See 
Gai^e 1, Prob. III. page 11). 
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Ejcampk 20. In the equation 

/M;=500rf', 
there are given, the length of bearing /, and the dia- 
meter^; to find w, the load that the beam will 
sustain. 

Rule. Divide 500 times the cube of the diameter 
in inches by the length of bearing, or distance be- 
tween the supports in feet, and the quotient will 
give the load required in pounds. 

Example 21. In the equation 

/tt;=500rf', 
there are given, the length of bearing /, and the 
load w ; to find rf, the diameter of the cylinder. 

Rule. Multiply the length of bearing in feet by 
the load to be supported in pounds ; divide the pro- 
duct by 500, and the cube root of the quotient will 
give the diameter of the cylinder in inches. 

2. When the beam is cyUndricaly supported at the 
ends, and loaded at some intermediate point. {See 
Case 2, Prob. HI. page 11). 
' Example 22. In the equation 

mnw=: l26/rf^ . 
there are given, the diameter of the cylinder d, the 
length of bearing /, and m and n the segments of 
the length ; to find w, the load that the beam will 
sustain. 

"■' Rule. Divide 125 times the length of bearing in 
feet, drawn into the cube of the diameter in inches. 



166 Rukifat the Tran^erst Strength. 

by the rectangle of the segments of the lengthy and 
the quotient will be the load required in pounds. 
Example 23. In the equation 

mnw-n 125 /rf\ 

there are given, the length of bearing /, the load m?, 
and m and n the segments of the length ; to find d^ 
the diameter of the cylinder. 

Rule. Multiply the load in pounds by the rect- 
angle of the segments of the length in feet ; divide 
the product by 125 times the length, and extract 
the cube root of the quotient for the diameter of the 
cylinder. 

Example 24. In the equation 

mnw:=:l25ld^^ 

there are given, the diameter of the cylinder d^ the 
length /, and the load id ; to find m and n^ the seg-^ 
ments of the length separately. 

Rule* Multiply 500 times the length of bearing 
in feet by the cube of the diameter in inches ; divide 
the product by the given load, and subtract the 
quotient from the squate c^ the length in feet: 
then^ to or from the length add or subtract thte 
square root of the remainder, and half the siim^ of 
hfdf the difierence, will give the greater or lesser 
segment accordingly. 

For rules that apply to the remaining cases, see 
the preceding Notes. The following apply to hoi* 
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low cylinders^ or tubular beams, as discussed hi 
Problem IV. page 11. 

TUBULAR BEAMS. 

1. When the beam is tubular, supported horizon- 
tally at the ends, and loaded in the middle. (See Equa- 
tion A, Prob. IV. page 12). 

Example 24. In the equation 

/t(;=500rf*(l-j5*), 
there are given, the length of bearing I, the exterior 
diameter d, and the quotient of the interior diameter 
divided by the exterior jo ; to find the load w, that the 
beam will sustain. /o tnuArJ 

Rule. From unity subtract the fourth pMt of the ' 

quotient that arises, when the interior diameter is 
divided by the exterior ; multiply the remainder by 
500 times the cube of the exterim* diameter in inches ; 
then, divide the product by the length of bearing in 
feet, and the quotient will be the load in pounds 
that the beam will sustain. 

Example 25. In the equation 

/tt;=:500fl?*(l --;?*,) 
there are given, /> the quotient that arises when the 
interior diameter is divided by the exterior diameter 
of the beam» the length of bearing /, and the load w ; 
to find d, the exterior diameter. 

Rule. Multiply the length of bearing by the giveft 
load ; then divide the product by 500 times the dif- 
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feredce between unity and the fourth power of the 
quotient that arises when the interior diameter ii^ 
divided by the exterior, and extract the cube root 
of the quotient for the exterior diameter required. 

2. When the beatn is tubular, supported horizon- 
tally at the ends, and loaded at some intermediate point. 
(See Case 2, Prob. IV. page 13). . , 

Example 26. In the equation 

mnw=:92ld^, 
there are given, the exterior diameter d, the length 
of bearing I, and ;» and n the segments of the length; 
to find k;, the load that the beam will sustain. 

Rule. Divide 92 times the length of bearing in feet, 
drawn into the cube of the diameter in inched by 
th^ rectangle of the segments of the length, and the 
quotient, will be the load that the beam will sustain; 

E^icampk 27* In the equation^ 

mnw^Q^ld^, 
there are given, the length of bearing /, the load w, 
and 772 and n the segments of the length ; to iQnd d, 
the exterior diameter. 

Rule. Multiply the rectangle of the segments of 
the length by the loadjn pounds; divide the pro- 
duct by 92 times the length of bearing, and extract 
the cube root of tberquotient for the diameter re- 
quired; multiply the diameter thus found by '7166^ 
and the product is the interior diameter • 

Ea^ample 2S. In the equation 
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mnw^Q2ld^, 
there are given, the exterior diameter d, the length 
of bearing /, and the load w ; to find m and n, the 
segments of the length separately. 

Rule. Multiply 368 times the length of bearing 
in feet, by the cube of the diameter in inches; divide 
the product by the load in pounds, and subtract the 
quotient from the square of the length in feet; then, to 
or from the length, add or subtract the square root of 
the remainder, and half the sum, or half the difference, 
will give the greater or lesser segment accordingly. 

Note. The general equation for this case is not 
given, but it can easily be supplied, as indeed it can 
for the other cases also, by merely annexing the 
parenthetical part of the general equation (A), Pro- 
blem IV. to the several equations in Problem IIL 

The rules for the last case will therefore be as 
follows : — 

Example 29. In the equation 

mnw-\2bld\\-p''\ 
there are given, the exterior diameter rf, the length 
of bearing /, the segments of the length m and n^ 
and also the quotient that arises when the interior 
diameter is divided by the exterior ; to find w, the 
load that the beam will sustain. 

Rule. From unity subtract the fourth power of the 
quotient that arises when the interior diameter is 
divided by the exterior ; multiply the remainder by 
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126 times the length of bearing in feet, drawn into 
the cube of the exterior diameter in inches ; then, 
divide the product by the rectangle of the segments 
of the length, and the quotient will be the load re- 
quired in pounds. 

Example 30. In the equation 

there are given, the length of bearing /, the segments 
of the leng^th m and n, the load w, and the quotient 
that arises when the interior diameter is divided by 
the exterior ; to find d, the exterior diameter. 

Rule. From unity subtract the fourth power of 
the interior diameter divided by the exterior; 
multiply the remainder by 125 times the length of 
bearing in feet, and reserve the product for a divisor. 

Multiply the rectangle of the s^ments of the 
length in feet by the load in pounds ; then, divide 
the product by the reserved divisor, and extract the 
cube root of the quotient for the diameter required. 

Esampk 31. In the equation 

wwtt;= 125 /rf' (!-/>*)> 
there are given, the exterior diameter d, the length 

of bearing /, the load w, and the quotient of the in- 

terior diameter divided by the exterior; to find m 

and w, the segments of the length. 

Rule, From unity subtract the fourth • power of 

the interior diameter divided by th^ exterior; 

multiply the remainder by 500 times the length of 
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bearing in feet, drawn into the cube of the given 
diameter in inches, and divide the product by the 
load in pounds ; subtract the quotient from the 
square of the length of bearing in feet ; then, to or 
from the lengthy add or subtract the square root of 
the remainder, and half the sum, or half the differ- 
ence, will give the greater or lesser segment ac- 
cordingly. 

For the method of applying the rules to the other 
cases, see the Notes. 

The following rules apply to the cases in Pro- 
blem V. page 14. 

GROOVED BEAMS. 

1, When the becmi is grooved^ supported horizon^ 
tally at the ends^ and loaded in the middle. {See Equa- 
tion B, Prob. V. page 14). 

Example 32. In the equation 

/w=860ifi?*(l--y/), 
there are given, the breadth i, the depth rf, the 
length of bearing /, and the fractions p and q ; to 
find w^ the load that the beam will sustain.* 

Rule. From unity subtract the product that arises 
when the quantity q is multiplied by the third power 
of jo; then multiply the remainder by 860 times the 
breadth drawn into the square of the depth, both in 

* For the method df finding p and q, see the solution of the 
fifth problem^ at page 14. 
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inches ; divide the product by the length of bearing 
in feet, and the quotient will give the load required 
in pounds. 

Example 33. In the equation 

there are given, the depth d, the length of bearing /, 
the load w, and the fractions p and q ; to find the 
breadth b. 

Rule. Multiply the length of bearing in feet by 
the load in pounds, and reserve the product for a 
<iividend; from unity subtract the product that 
arises when the quantity q is multiplied by the third 
power of p ; multiply the remainder- by 850 times 
the square of the depth in inches, and divide the 
reserved dividend by the product for the breadth 
required in inches. 

Example 34. In the equation 

lw-%&Obd\\-qp\ 
there are given, the breadth i, the length of bearing /, 
the load «;, and the fractions p and ^r ; to find the depth d. 

Rule. Multiply the length of bearing in feet by 
the load in pounds, and reserve the product for a 
dividend ; from unity subtract the product that arises 
when the quantity q is multiplied by the third power 
of jt); multiply the remainder by 850 times the 
breadth in inches ; then, divide the reserved dividend 
by the product, and the square root of the quotient 
will give the depth required in inches. 
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2. When the beam is grooved, supported horizon- 
tally at the ends J and loaded at some intermediate point. 

Note. The general expression for this case is not 
given in the solution of the fifth problem, but it is 
supplied from the second case of Problem I. by 
simply annexing the above parenthetical expression 
to the right-hand side of the equation, as in the fol 
lowing example : — 

Example 35. In the equation 

mnw-2\2lbd^{\^qp% 
there are given, the breadth b, the depth d, the 
length of bearing /, the segments of the length m 
and n^ and the fractions p and q ; to find w^ the load 

• 

that the beam will sustain. 

Rule. Multiply 212 times the length of bearing 
in feet, by the breadth drawn into the square of, the 
depth, both in inches, and reserve the product ; from 
unity subtract the product that arises when the 
quantity q is multiplied by the third power of/>; 
then, multiply the reserved product by the re- 
mainder, and divide by the rectangle of the seg- 
ments of the length, for the load required. 

Ej^ample 36. In the equation ' 

mnw = 2\2lbd^ {\-qp''\ 

there are given, the depth d, the length /, the load 

w, the segments of the length m and », and the 

fractions Jo and q ; to find the breadth b. 

Rule. From unity subtract the product that 



174 Rules for the Tj^nsvet^se Strength* 

arises when the quantity g is multiplied by the 
third power of/?; multiply the remaicder by 212 
times the length of bearing in feet, drawn into the 
square of the depth in inches, and reserve the pro- 
duct for a divisor. 

Multiply the rectangle of the segments of the 
length of bearing in feet by the given load in pounds ; 
then, divide the product by the reserved divisor, and 
the quotient will give the breadth required in inches. 

Example yj. In the equation 

mnw:=z2Vllbd^ {\--qp\ 
there are given, the breadth A, the length /, the seg- 
ments of the length m and ^, the load w^ and the 
fractions p and q ; to find the depth d. 

Rule. From unity subtract the product that 
arises when the quantity q is multiplied by the third 
power of JD; multiply the remainder by 212 times 
the length of bearing in feet, drawn into the breadth 
in inches, and reserve the product for a divisor. 

Multiply the rectangle of the segments of the 
length of bearing by the given load, divide the pro- 
duct by the reserved divisor, and the square root of 
the quotient is the depth required in inches. 

Example 38. In the equation 

mnw=L2\2lbd^{\'^qp^\ 
there are given, the breadth b, the depth //, the 
length /, the load w, and the fractions/? and q ; to 
find m and «, the segments of the length, separately. 
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Rule. From unity subtract the product that 
arises when the quantity q is multiplied by the 
third power of p, and multiply the remainder by 
850 times the length in feet, drawn into the breadth 
and square of the depth, both in inches ; divide the 
product by the load in pounds, and subtract the 
quotient from the square of the length ; then, to or 
from the length of bearing in feet, add or subtract 
the square root of the remainder, and half the sun), 
or half the difference, will give the greater or lesser 
segment accordingly. 

The rules for the other cases of the fifth problem 
may be inferred from the notes. The following 
apply to the cases in the sixth problem, page 16. 

OPEN BEAMS. 

1 . When the beam is open, supported horizontally 
at the ends, and loaded in the middle, {See Equation C, 
Prob. VI. page 16). 

Example 39. In the equation 

lw-^mbd^{\^p% 
' there are given, the breadth b, the depth d, the 
length of bearing /, and the fraction p, to find w, 
the load that the beam will sustain.* 

RmIc. From unity subtract the third power or 

* For the method of finding p, see the solution of the sixth 
problem, page 15. 
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cube of the quantity p ; multiply the remainder by 
850 times the breadth drawn into the square of 
the depth, both in inches, and divide the product 
by the length of bearing in feet, for the load to be 
supported in pounds. ^ 

Ea^ample 40. In the equation 

there are given, the depth d, the length /, the load w, 
and the fraction p ; to find the breadth b. 

Ruk. From unity subtract the cube or third 
power of p, and multiply the remainder by 850 
times the square of the depth in inches, and reserve 
the product for a divisor. 

Multiply the rectangle of the segments of the 
length by the given load ; then, divide the product 
by the reserved divisor, and the quotient will be the 
breadth required in inches. 

Example 41. In the equation 

there are given, the breadth A, the- length of bear- 
ing /, the load w^ and the fraction p\ to find the 
depth d. 

Ruk. Multiply 850 times the breadth in inches 
by the difference between unity and the third power 
of />, and reserve the product for a divisor ; multiply 
the length of bearing in feet by the load to be sup- 
ported in pounds, and divide the product by the 
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reserved divisor, then, the square root of the quotient 
will be the depth required in inches. 

2. When the beam is open^ supported horizontally 
at the endsj and loaded at some intermediate point. 

The general .expression for this case is not given 
in the solution of the sixth problem : for the method 
of supplying it, see the preceding note. 

Eo^ampk 42. In the equation 

mnw:=L2l2lbd\l-p'), 
there are given, the breadth i, the depth </, the 
length /, the segments of the length m and n^ and 
the fraction p\ to find w?, the load that the beam 
will sustain. 

Rule. Multiply altogether 212 times the length 
of bearing in feet, the breadth and the square of the 
depth, both in inches, and the difference between 
unity and the cube, or third power oip ; then, divide 
the product by the rectangle of the segments of 
the length in feet, for the load to be supported in 
pounds. 

Example 43. In the equation 

mnw=2l2lbd\l-r-p'),-^ 
there are given, the depth d, the length /, the seg- 
ments of the length m and ti, the load w, and the 
fraction p ; to find the breadth b. 

Rule. Multiply altogether 212 times the length 

of bearing in feet, the square of the depth in inches> 

- and the difference between unity and the cube, or 
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third power oi p, and reserve the- product for a 
divisor ; multiply the rectangle of the segments of 
the length by the load to be supported in pounds, 
and divide the product by the reserved divisor, for 
the breadth required in inches. 

Example 44. In the equation 

mnw=2l2lbd^(A-p'), 
there are given, the breadth b, the length /, the seg- 
ments of the length m and n^ the load w, and the 
fraction p ; to find the depdi d. 

Rule. Multiply together 212 times the length 
of bearing in feet, the breadth in inches, and the 
difference between unity and the cube, or third 
power of p, and reserve the product for a divisor ; 
multiply the rectangle of the segments of the length 
by the load to be supported in pounds, and divide 
the product by the reserved divisor ; then, the square 
root of the product will be the depth in inches. 

Example 45. In the equation 

w«tt?=212/6fi?^(l-/), 
there are given, the breadth A, the depth d, the 
length I, the load w, and the j&action p ; to find m - 
and n^ the segments of the length separately. 

Rule. From unity subtract the cube or third 
power of the quantity p ; then, multiply together 
the remainder^ the length of bearing in feet, the 
breadth and square of the depth, both in inches, 
and the constant number 850; divide the product 
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by the given loa,d, and subtract the quotient "from 
the square of the length ; then, to or frdm thB length, 
add or subtract the square root of the remamder, 
and half the sum, or half the difference, will give 
the greater or lesser segment accordingly. 

The rules for the other cases of this problem 
may be inferred from the notes. 



RULES 

/ 

FOR THE DEFLEXION FROM CROSS STRAINS, 

At .page 43 we have given a rule for calculating 
the deflexion from cross strains ; but since it is 
there enunciated in general terms, we have thought 
proper to supply a separate rule for each distinct 
form of the equations, involving different combina- 
tions of data, as follows :— 

1 . When the beam is supported horizontally at the 
ends, and loaded in the middle. (See Case 1, Prob. X. 
page 39). - 

Ea^ample 1 . In the equation 

there are given, the depth or diameter d, and the 
length of bearing^ / ; to find the deflexion X. 

Rule. Multiply the square of the length in feet 
by the constant number '02, and divide the product 
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by the depth or diameter * in inches, and the qu(> 
tient will be the deflexion required. 
Example 2. In the equation 

di='02l\ 

there are given, the deflexion i, and the length of 
bearing / ; to find the depth or diameter d. 

Rule. Multiply the square of the length in feet 
by the constant number '02, and divide the product 
by the deflexion, and the quotient will give the 
depth or diameter required. 

Note. The same rules answer, whatever may be 
the shape of the beam, provided it is uniform through- 
out the length, if d be made the depth in the rect- 
angular, grooved, and open beams, the side or the 
diagonal in a square beam, and the diameter in a 
cylindrical or tubular beam; and the same remark 
will apply to the other cases. 

2. When the beam is supported horizontally at the 
ends, and loaded at some intermediate point. {See Case 

2, Prob. X. page 40). 

Example 3. In the equation 

dl:=:'08mn, 

there are given, the depth or diameter d, the length 
of bearing /, and m and n the segments of the length; 
to find the deflexion i. 

Rule. Multiply the rectangle of the segments of 

the length by the constant number -08, and divide 
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the product by the depth or diameter in inches, 
and the quotient will be the deflexion required. 

Example 4. In the equation 

di^ '08 mn, 

there are given, the deflexion i, and m and n the 
segments of the length ; to find d, the depth or 
diameter. 

Rule. Multiply the rectangle of the segments of 
the length by the constant number '08, and divide 
the product by the given deflexion, and the quotient 
will be the depth or diameter required. 

Example 6. Ip the equation 

dl='08mn, 

there are given, the depth or diameter rf, the de- 
flexion 5, and the sum of the segments m and n ; to 
find the segments separately. 

Rule. From the square of the sum of the segments, 
subtract 50 times the depth or diameter drawn into 
the deflexion ; then, to or from the sum of the seg- 
ments, add or subtract the square root of the re- 
mainder, and half the sum, or half the difference, 
will give the greater or lesser segment accordingly, 

' Since the form of the equation in the third case 
of this problem is the same as that in the first, the 
same rules will apply if the constant number '025 
be employed instead of '02 ; hut since the general 
equation for the fourth case changes its. form, it 
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becomes necessary to adapt the rules to this change, 
as follows : — 

4. When the beam isjised at one end, and loaded at 
the other. {See Case 4, Prob. X. page 41). 

ExampkQ. In the equation 

rfJ=-08/*(l + Rqos^),* 

there are given, the depth or diameter rf, the length 
of projection /, the quantity R, and the angle of de- 
flexion ^ ; to find the deflexion. 

Rule. To unity add the product that arises when 
the quantity R is multiplied by the natural cosine 
of the angle of deflexion ; multiply the sum by 'OS 
times the square of the length of projection ; then, 
divide the product by the given defpth or diameter, 
and the quotient will give the deflexion required. 

Example 7. In the equatiqn 

£/J=-08/«(l + Rcos^), 

there are given, the deflexion \ the length of projec- 
tion /, the quantity R, and (p the angle of deflexion ; 
to find the depth or diameter d. 

Rule. Multiply the quantity R by the natural 
cosine of the angle of deflexion, add unity to the pro- 
duct ; then, multiply the sum by '08 times the square 
of the length of projection, and divide the product 
by the given deflexion, and the quotient will give 
the depth required. 

* For the method of finding R, see page 42. 
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Note. If the beam have the outline of the depth 
a parabola or an ellipsis, it is evident, that by using 
the proper constant numbers, the calculation can be 
effected by the rules which we have already de- 
livered ; it is therefore unnecessary to dwell longer 
on this part of the subject : we proceed then, to the 
transverse stiffness of beams, as under. 



RULES 

FOR THE TRANSVERSE STIFFNESS. 

RECTANGULAR BEAMS. 

1. When the beam is rectangular, supported hori- 
zontally at the ends, and loaded in the middle. (See 
Case 1, Prob. XL page 50). 

Ea^ ample \. In the equation 

/*tt;=42648 6rf'D, 
there are given, the breadth b, the depth rf, the 
length of bearing /, and the deflexion D; to find the 
load «e^.* 

Rule. Multiply 42648 times the breadth in inches, 
by the cube of the depth in inches drawn into the 

* D is the deflexion beyond which the beam is not' to be 
strained, which, with the length, we shall always consider to be 
given. 
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given deflexion ; divide the product by the cube of 
the length of bearing in feet, and the quotient will 
be the load in pounds that will produce the de- 
flexion D. 

Example 2. In the equation 

rii; = 42648 irf^D, 
there are given, the depth rf, the length of bearing /, 
the load w^ and the deflexion D ; to find the 
breadth b. 

Rule. Multiply the cube of the depth in inches, 
drawn into the given deflexion, by the constant 
number 42648, and reserve the product for a di- 
visor; multiply the cube of the length of bearing in 
feet by the load in pounds that produces the pro- 
posed deflexion ; then, divide the product by the 
reserved divisor, and the quotient will be the breadth 
required in inches. 

Example 3. In the equation 

rf«;=42648Arf'D, 
there are given, the breadth i, the length of bear- 
ing /, the load «?, and the deflexion D; to find the 
depth d. 

Rule. Multiply 42648 times the breadth in inches 
by the given deflexion, and divide the cube of the 
length in feet, drawn into the load in pounds, by the 
product ; then, the cube root of the quotient will give 
the depth required in inches. 

2. When the beam is rectangular y supported hori- 
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zmtally at the ends, and loaded at some intermediate 
point. (See Case 2, Prob. XI. page 50). 

Esampk 4. In the equation 

m^n^w = 2665 1 bd'B, 
th^re are given, the breadth b, the depth d, the 
length of bearing /, the deflexion D, and m and n 
the segments of the length ; to find the load w. 

Rule. Multiply 2665 times the length drawn into 
the breadth, by the cube of the depth drawn into the 
given deflexion; then, divide the product by the 
square of the rectangle of the segments of the 
length, and the quotient will be the load in pounds 
that will produce the deflexion D. 
Eo'ample 5. In the equation 

m^'n^w- 2665 1 bd^B, 
there are given^ the depth d, the length of bearing /, 
the load w, the deflexion D, and m and n the seg- 
ments of the length ; to find the breadth b. 

Rule. Multiply 2665 times the length of bearing 
by the cube of the depth drawn into the given de- 
flexion, and reserve the product for a divisor ; then, 
multiply the square of the rectangle of the segments 
by the given load, and divide the product by the 
reserved divisor for the breadth required. 

Ea^ample 6. In the equation 

mVa? = 2665/irf'D, 
there are given, the breadth b, the length of bearing 
/, the load w^ the deflexion D^ and m and n the seg- 
ments of the length ; to find the depth d. 
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Rule. Multiply 2665 times the length of bearing 
by the breadth drawn into the given deflexion, and 
divide the square of the rectangle of the segments 
of the length, drawn into the load, by the product ; 
then, the cube root of the quotient will give the 
' depth required. 

Example 7. In the equation 

wVM; = 2665/*rf'D, 
there are given, the breadth by the depth d^ the 
length of bearing /, the load w, and the deflexion D ; 
to find m and n, the segments of the length. 

, Rule. Multiply 42648 times the length drawn into 
the breadth, by the cube of the depth drawn into 
the deflexion, and divide the product by the given 
load ; then, from the square of the length subtract 
the square root of the quotient, and again extract 
the square root of the remainder ; then, to or from 
the given length add or subtract this last -found 
square root, and half the sum, or half the difference, 
will give the greater or lesser segment accordingly. 

Note. The rules that we have delivered for the 
three examples of the first case, answer also for the 
several examples of the third case, page 51, ob- 
serving to employ the constant number 68236 in- 
stead of 42648 ; and by adapting the last form of 
deflexion in the table, page 43, t-he constant for the 
fourth case, page 52, becomes 1333 to be employed 
instead of 42648 : and, moreover, if for b d^, in the 
rectangular beam, there be substituted s^ in the 
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square, and rf* in the cylinder, the several equations 
assume a similar form, with the exception of the 
constant numbers, and consequently, by employing 
the respective constants instead of 42648 and 2665, 
the rules which we have delivered for the rect- 
angular beam apply equally to the square and 
cylinder, observing that b d^ is equivalent to ^* or rf*. 
We therefore pass over these forms, and proceed to 
consider the general expressions for the 

TUBULAR BEAM. 

1 . When the beam is tubular, supported horizontally 
at the ends, and loaded in the middle. (See Prob. XIV. 
Case 1, Class (E), page 56). 

Example 8. In the equation , 

/'m;= 25087 rf*D(l-/), 
there are given, the diameter d, the length of bear- 
ing /, the fraction />, and the deflexion D; fo find 

« 

the load w* 

Rule. From unity subtract the fourth power of 
the fraction p; multiply the remainder by 25087 
times the deflexion, drawn into the fourth power of 
the diameter, and divide the product by the cube 
of the length of bearing for the load required. 

* The length of bearing /, the deflexion D, and the fraction p, 
are always supposed to be given : for the method of finding p, see 
the solution of Prob. IV. page 14, and the solution of Prob. XIV. 
page 56, 
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Example 9. In the equation 

ft(;=26087J*D(l-i?*), 
there are given, the length of bearing /, the de- 
flexion D, the fraction p, and the load w ; to find 
the diameter d. 

Rule. From unity subtract the fourth power of 
the fraction p; multiply the remainder by 26087 
times the deflexion, and reserve the product for a 
divisor ; then, multiply the cube of the length of 
bearing by the given load, divide the product by 
the reserved divisor, and extract the fourth root of 
the quotient for the diameter required. 

2. When the beam is tubular, supported horizontally 
at the ends, and loaded at some intermediate point. (See 
Prob. XIV. Case 2,. Class (E), page 56). 

Example 10. In the equation 

wV2»= 1568 /6?*D (1 -p*), 
there are given, the diameter d, the length of bear- 
ing /, the deflexion D, the fraction/?, and m and n 
the segments of the length; to find the load w 
capable of producing the deflexion D. 

Rule. From unity subtract the fourth power of the 
fraction j», and m4;i1tiply the remainder successively by 
the length of bearing, the deflexion, the fourth power 
of the diameter, and the constant number 1568; then, 
divide the product by the square of the rectangle of 
the segments of the length, and the quotient will bp 
the load required. 
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J^^ample 1 1 . In the equation 

?wVM?=1568/rf*D {l-p% 

there are given, the length of bearing /, the de- 
flexion D, the fraction/?, the load w, and m and n 
the segments of the length ; to find the diameter d. 

Ruk. From unity subtract the fourth power of 
the fraction p\ multiply the remainder by 1568 
times the length, drawn into the deflexion, and re- 
serve the product for a divisor; then, multiply the 
square of the rectangle of the segments of the length 
by the given load, divide the product by the reserved 
divisor, and extract the fourth root of the quotient 
for the diameter required. 

Example 12. In the equation 

mWw= 1568 /rf*D (1 -/), 

there are given, the diameter d, the length of bear- 
ing /, the deflexion D, the fraction /?, and the load w; 
to find m and «, the segments of the length. 

Rule. Multiply 25087 times the length by the 
fourth power of the diameter drawn into the de- 
flexion, and again by the difference betwixt unity 
and the fourth power of the fraction p, and divide 
the product by the given load; then, from the square 
of the length subtract the square root of the quotient, 
and again extract the square root of the remainder; 
then to or from the given length add or subtract this 
last found square root, and half the sum, or half tb^ 
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difference, will give the greater or lesser segment 
accordingly. 

For the method of applying the rules to the two 
. remaining cdses,- see the Note to the rectangular 
beam preceding ; and next for the 

GROOVED BEAM. 

1 . When the beam is grooved, supported horizontally 
at the ends, and loaded in the middle. (See Prob. XV. 
Case 1, Class (F), page 57); 

Ea^ample 13. In the equation 

/'a;=42648 *£/' D (1-?/), 
there are given, the breadth i, the depth rf, the 
length I, the deflexion D, and the fractions p and q ; 
to find the load w.* 

Rule. From unity subtract the product that 
arises when the quantity q is multiplied by the 
cube of p ; then, multiply the remainder by the 
breadth, the cube of the depth, the deflexion, and 
the constant number 42648, and divide the product 
by the cube of the length, for the load required. 

Example 14. In the equation 

rw; = 42648 4rf^D(l-^/), 
there are given, the depth rf, the length of bearing /, 

* For the method of finding the fractions p and q^ see the 
solution to Prob. V. page 14 ; which, with the deflexion and the 
length of bearing, are always supposed to be given. 
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the deflexion D, the load u;^ and the fractions p and 
q ; to find the breadth b. 

Rule. From unity subtract the product that 
arises when the quantity q is multiplied by the 
cube ofp ; then^ multiply the remainder by the cube 
of the depth, the deflexion, and the constant number 
42648, and reserve the product for a divisor ; mul- 
tiply the cube of the length of bearing by the given 
load, and divide the product by the reserved divisor, 
and the quotient will be the breadth required. 
Ea^ample 15. In the equation 

ft(;= 42648 bd'B (i -y/), 
there are given, the breadth i, the length /, the 
deflexion D, the load u;, and the fractions/? and q; 
to find the depth d. 

Rule. From unity subtract the product that 
arises when the quantity q is multiplied by the; 
cube of p; then, multiply the remainder by the 
breadth, the deflexion, and the constant number 
42648, and reserve the product for a divisor ; mul- 
tiply the cube of the length of bearing by the given: 
load, divide the product by the reserved divisor, and 
extract the cube root of the quotient for the depth 
required. 

2. When the beam is grooved, supported horizontally 
at the ends, and loaded at some intermediate point. (See 
Prob. XV. Case 2, Class (F), page 57). 
Ejcample 16. In the equation 
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>»*n«M;=t2665 /irf'D (1 -y;)'), 
there are given, the breadth b, the depth d, the 
length I, the deflexion D, fractions p and q, and seg- 
ments of the length m and n ; to find the load w. 

Rule. Multiply the difference betwixt unity and 
the product that arises when the quantity q is mul- 
tiplied by the cube of/?, successively, by the breadth, 
the cube of the depth, the length of bearing, the 
deflexion, and the constant number 2665 ; then, 
divide the product by the square of the rectangle 
of the segments of the length, and the quotient will 
give the load required. 

Example 17. In the equation 

w»*«V=2666/*rf'D(l-y/), 
there are given, the depth rf, the length of bearing /, 
the deflexion D, the load w, the fractions p and ^, 
and the segments of the length m and n ; to find 
the breadth b. 

Rule. Multiply 2665 times the length of bearing, 
drawn into the cube of the depth, by the deflexion, 
and again by the difference between unity and the 
product oi q, drawn into the cube oip, and reserve 
the product for a divisor ; multiply the square of the 
rectangle of the segments of the length by the given 
load, and divide the product by the reserved divisor, 
and the quotient will be the breadth required. 

Example 18. In the equation 

mVtt;=2666/Arf*D(l-y/?'), * 
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there are given, the breadth b, the length of bear- 
ing If the deflexion D^ the fractions;? and ^/the load 
w, and m and n the segments of the length ; to find 
the depth d. 

Rule. Multiply 2665 times the length of bearing 
by the breadth, the deflexion, and the difference be- 
tween unity and the quantity q multiplied by the cube 
ofp, and reserve the product for a divisor ; multiply 
the square of the rectangle of the segments of the 
lehgth by the given load, divide the product by the 
reserved divisor, and the cube root of the quotient 
will be the depth required. 

Example 19. In the equation 

wiVt£;=2665/*rf*D(l-y/), 
there are given, the breadth i, the depth rf, the 
length of bearing /, the deflexion D, the load u;, and 
the fractions p and q ; to find m and n the segments 
of the length. 

Rule. Multiply 42648 times the length drawn 
into the breadth, by the cube of the depth drawn 
into the deflexion, and again, by the difference be- 
tween unity and product of q by the cube ofp ; divide 
the product by the given load ; then, from the square 
of the length subtract the square root of the quo- 
tient, and again extract the square root of the re- 
mainder ; then, to or from the given length add or 
subtract the square root last found, and half the 
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sum, or half the difference, will give the greater or 
lesser segment accordingly. 

Note. The forms for the open beam. Problem 
XVI. Class (G) being precisely the same as those 
for the grooved beam in thk problem, with the ex* 
ception of the parenthetical expression, it seems un- 
necessary to give separate rules for the calculation ; 
and the more especially as the fractional number is 
always supposed to be given. 

The formulae for the principal cases of torsion 
being the same as those for the corresponding cases 
of transverse strength^ the rules which apply to the 
several cases of the one are equally applicable to 
the corresponding cases of the other, provided that 
the letter r be substituted for / in each of them : for 
this reason we refrain from giving the rules for the 
resistance to torsion; and we may further observe, 
that the useful practical cases of compression and 
tension being expressed by equations of such a 
simple form, it seems needless to give rules in 
words for their solution, we therefore omit them. 



THE END. 
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SPECIMENS OF 

GARDEN DECORATIONS AND ORNAMENTAL SCENERY, 
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VILLA ARCHITECTURF, 

A COLLECTION of VIEWS, with PLANS, of Buildings executed, on 48 Folio Plates, ele~ 
gantly coloured, 31. 3s. By ROBERT LUGAR, Architect. This Collection includes,— 
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Norfolk, the Rev. John Johnson, D.D. — School-house, Yazliam, Norfolk— A Farm-house deirignedfor Robert 
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Banqueting-hottse at Warley, near Birmingham— Markgate Cell, neai* St. A1ban*8, Hertfordshire, D. -O. 
Adney, Esq.— Cyfarthfa Castle, Glamorganshire, William Crawsha>. Esq. « 
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A. PORTRAIT OF JOHN SMEATON, CIVIL ENGINEER. 

Bngtaved in Line by Bromley, for the Society of Civil Engineers, India paper, 4<o. 5«. 

TRACTS ON HYDRAULICS, 

Comprising Smeaton's Experimental Papers on the Powers of Water and Wind to Tarn Mills, 
&c. ; VenturVs Experiments on the Motion of Fluids ; Dr. Young's Summary of Practical 
Hydraulics, with notes by the Editor, 2nd edit., iUustrated by 7 Plates, in Royal 8t)o. 12«. boards. 

Edited by THOMAS TREDGOLD, Civil Engineer. 
" If it were only as Examples of the method of reasoning from Experiments and Facts, the Papers of 
Smeaton, in their complete state, are tmly valuable ; bat it also fortunately happens that they are on subjects 
which form part of the business of the Engineer and Millwright, and which ought to be well understood by 
the Civil Engineer/'-^TaEOGOLn 

The ARCHITECT, ENGINEER, and OPERATIVE ^BUILDER'S 

CONSTRUCTIVE MANUAL; 

Or a Practical and Scientific Treatise on the Construction of Artificial Foundations for Buildings, 
Railways, &c., with a Comparative View of the application of Piling and Concieting to such 
purpose ; also an Investigation of the Nature and Properties of the Materials employed in 
Securing the Stability of Buildings. The whole Illustrated by Examples selected from the most 
Important Architectural and Engineering Works of this Country. To which is added, an 
Analysis of the Principal Legal Enactments affecting the Operations of the Practical Builder : 
Illustrated by Notes of Cases occuring in Actual Practice, a new edition, with 13 Plates and 
numeroui Figures, 8w. 12*. doth. By CHRISTOPHER DAVY, Architect and Civil Engineer. 

THE PRINCIPLES AND PRACTICE OF LEVELLING. 

A New Edition, with numerous Illustrative Cuts and Figures, 4«. cloth. 
By EDWARD JONES, Architect and Civil Engineer. 



An ATLAS of R. & W. HAWTHORN'S LOCOMOTIVE ENGINE. 

Comprising Six Plates in correct Outline, giving the Sections, Plans, Details, Stc. 1 Qs. ^d. 

TREDGOLD'S PRINCIPLES of WARMING and VENTILATING 

Public Buildings, Dwelling-houses, Manufactories, Hospitals, Hot-houses, Conservatories, 8cc., 
and of constructing Fire-places, Boilers, Steam Apparatus, Grates, and Drying-rooms ; with 
Illustrations, Experimental, Scientific, and Practical : to which are added. Observations on the 
Nature of Itleat ; and various Tables useful in the Application of Heat. To which are now 
added, some Observations on Heating by means of Warm Water, with Descriptions of various 
Apparatus in use, constructed upon that Principle. Including the extensive I^oyal Orangery 
at Windsor, the New Westminster Hospital, St. Thomas's Hospital, &c., Zrdeiiitum, with 12 
Plates, Svo, 12a. By T. BRAMAH, Civil Engineer. 

" We have very few works in which ventilation is considered in detail : the best I believe to be the work 
by the late Mr. Tredgold, on the ventilation and warming of rooms." — See Dr. BirkbecW* Examination, 
hefort the Select Committee on ihe Ventilation of tlte New Houeet of Parliament, 



A PRACTICAL TREATISE ON 

THE ART OF MASONRY AND STONE-CUTTING : 

Containing the Construction of Profiles of Arches, Hemisphere Niches, Hemispheric Domes, 
Cylindric Groins, Vertical Conic Vaults, Cylindro-cylindric Arches, Right Arches, Oblique 
Arches, and Gothic Ceilings : essential to Engineers, Architects, and Stone-masons, each article 
being preceded by the requisite information in Plane and Solid Geometry; illustrated by 
Numerous Diagrams, on 43 elegantly Engraved Plates, a new edition, \2s. bound. 
By PETER NICHOLSON, Esq. Architect, Author of many works on .Practical Architecture. &c. 

A TREATISE ON THE TEETH OP WHEELS. 

Demonstrating the best forms which can be given to them for the purposes of Machinery ; sucl- 
as MILL WORK and CLOCK WORK, and the art of Finding their Numbers. By M. CAMUS 
A New Edition, carefully revised and enlarged, with Details of the present practice of Millwrights 
Engine-makers, and other Mechanists, «w. 18 Plates, \2s. By J. I. HAWKINS, Civil Eng. 

A DESCRIPTION OF THE IRON BRIDGES OF SUSPENSION, 

Erected over the Menai Strait at Bangor, over the Conway in North Wales, and over the River 
Thames at Hammersmith. With Plates and Diagrams, and some account of different Bridges 
of Suspension in England and Scotland, and Calculations of the Strength of the Malleable Iron, 
founded on Experiments, the^rd Edition, edited by the late T. TREDGOLD. Civil Engineer, 8tv;. 4i. 
Bf T. G. GUMMING. . 6 » 
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Published by M. Tatlor, 1, lVeflin§iton Street, Strand. 



TWELVE VIEWS OF WINDSOR CASTLE, 

And of the most PICTURESQUE SCENERY in that Vicinity, 10« 6d. each. From Dra^dngi 
by W. DANIELU RA. The Size of the Subjects is 20 Inches by 12. 

These elegant Specimens of Mr. DanielVs pencil are very accurately «nd delicately tinted, to imitate 
the Originals ; and have entirely the effect of the highly fim4iied Drawings. 
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GENERAL RULES FOR REPAIRING ROADS. 

Published by order of the PARLIAMENTARY COMMISSIONERS for the Improvement of 
the Mail Coach Roads from London to Holyhead, and from London to Liverpool, for the use 
of the Surveyors of these Roads, iUiistrated with PlcUes, a new BdUion, mttch enlarged, 2s, 

AN INQUIRY INTO THE CHANGES OF TASTE 

In LANDSCAPE GARDENING; to which are added, some Observations on its Theory and 
Practice, including a Defence of the Art, 8tio. 6a. boards. By H. REPTON, Esq. 

IDEAS FOR RUSTIC FURNITURE. 

Proper for Garden-seats, Summer-houses, Hermitages, Sec. &c., 25 Plates, 8vo. boards, 4s, 

REPORTS, ESTIMATES, AND TREATISES, 

On Canals, Rivers, Harbours, Piers, Brides, Draining, Embanking, Light-bouses, Machinery, 
Fire-engines, Mills, &c., with other papers, drawn up in the course of his Employment, 2nd 
Edition, complete in 2 vol, 4/o. with 72 Plates, dl. 3s. By J. SMEATON, Civil Engineer. 

The Committee of the Society of Civil Engineers, under whose superintendence these Papers were pub. 
lished, '' thought that they would be of the greatest use to the Profession, to teach actual and practical know- 
ledge, as well to concdveadvim and opinions given, as to convey them, with perspicnity and energy to others." 

THE NEW EDITION OF SMEATONS WORKS COMPRISES THE FOLLOWING REPORTS, 



The Navigation of the River Nith, 

near Dumfries. 
The Waterworks at Halifax. 
An Engine for raising Wuter at 

Kew. 
A Canal from Wilden Ferry, 

Derbyshire, to Burslem, Litch- 
field, and the River Wear 

(Lock», Sec). 
The Navigation of the RiverC alder. 
The Titny Haven Navigation. 
The River Witham Navigation 

and Drainage of the Fens. 
The River Chelmer Navigation. 
The Drainage of Potterick Car, 

near Doncaster. 
Port Glasgow Dock-pomp. 
Water Road across the lUver 

Trent. 
Glasgow Bridge. 
Dumbarton Bridge. 
Drai nage of Lewes Laughton Level . 
Improvement of the Blast Furnace 

at Carron. 
Remarks on the Double Boring 

Mill at Carron, Sec. &c. 
Designs for turning Shot-moulds. 
Reports on London Bridge. 
The Forth and Clyde Navigation. 
The Calder and Aire Navigation. 
New River Works. 
River Ure Navigation. 
Hewick Bridge. 
Birmingham Canal. 
Bnde Haven Canal. 
Kingston-npon-Ewell Canal. 
Tyne Canal, 
kknguarry Canal. 
Knottingly Navigation. 
Sowerby Bridge Canal. 
The Fossdyke Navigation and 

Drainage 
The Drainage of Torkscy and 

Fenton. 
Drainage of Holdemess Canals. 
Bristol Bridge. 



The Harbour of Rye, in the 
County of Sussex. 

Drainage of the River "Went 

Wormsley Draini^. 

Misterton Sas and Snow Sewer. 

On the Pr(>tection of the Lands of 
the Earl of E.innoul on the 
Rivers Ammon and Tay. 

River Devon Navigation. 

Navigation on the Forth. 

Perth Bridge. 

The Harbour of Christchurch. 

Adling Fleet Canal. 

Dublin Grand Canal. 

Tyrone Canal. 

North Level Fens: 

Hatfield Chase Level. 

Knightsbridge Drain. 

Thanks Embankmenu 

Coquett Dam, fed. 

York Water- works Engine. 

Lumley Colliery Engine. 

Chacewater Engine. 

Cronstadt Engine. 

Ravensbourn Engine. 

Seacroft Coke Furnace. 

G'osport Water-works. 

Oil Mill at Hull. 

Lead Hills Works, &c. 

Rocking Fulling Mill. 

Flint Mill at Leeds. 

Pudding Mill. 

Dairy Mills, near Edinburgh. 

Kilnhurst Forge Hammer's MUl. 

Thornton Water Wheel. 

Lord Irwin's Water Engine. 

Harbour of Lynn, Norfdk. 

Ditto, Wells, ditto. 

Ditto, Aberdeen. 

Ditto, Dimdee. 

Druffield Beak Canal. 

On Raising Water out of Ships. 

Bristol Harbour and Canal. 

A Portable Fire-engine. 

Whitby Harbour. 

Drai ' '^•*: Weiarhton. 



On Thurlston Mills. 

Hubbert's Mill Stream. 

Com Mill at Worksop. 

Spurn Point Lights. 

Mills at Waltham Abbey. 

River Lea Navigation. 

Harbour of St. Ives. 

Topcliff Mill, Yorkshire. 

Eyemouth Harbour. 

Stonehouse Creek Bridge. 

Tintou Dam & Swale Navigation . 

Krouch Bridge Mill. 

River Coin, near Uxbridge. 

Ditto, Dunbar. 

Ditto, Porlpatrick 

Ditto, Ramsgate. 

Sandwich Haven. 

Harbour of Dover 

Ditto, Ayr. 

Quays and I)ocks at Hull 

Harbour of Workington. 

Plymouth Yard, &c. 

Bridlington Piers. 

Sunderland Pier. 

Harboiu' of Tinmouth. 

Scarborough Pier. 

Schield's Docks. 

Trewardreth Harbour, 

Jersey Harbours. 

Edinburgh Bridge. 

Coldstream ditto. 

Newcastle ditto. 

Hexham ditto. 

Berwick ditto. 

Banff ditto. 

Dumballock ditto 

Braan ditto. 

Attgran ditto, Sco, 

Sutton ditto. 

Walton ditto. 

Hamatun ditto. 

Carlton Ferry dilU; 

Montrose ditto. 

Tinmouth Barrncks. 

Leeds Infirnuuy. 
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THE COUNTRY GENTLEMAN'S ARCHITECT: 

rAntaininga Variety of Designs for Farm-houses and Farm-yards of different Magnitudes, 
arranged on the most approved Prioctples for Arable, ^Grazing, Feeding, and Dairy Farms ; with 
Plans and Sections, showing,at large the Construction of Cottages, Barns, Stables, Feeding 
Houses, Dairies, Brew-obouse, ftc. ; with Plans for Stables and Dog^kejohoels, and some Designs 
for Labourers' Cottages and smalhVillas. The Whole adapted for the Use of Country Gentle- 
men about to bji^iidor to slter, enyravrd on 22 Plates, 4to. II. U.baardt. Bv R. LUGAR. 

PLANS&\YIBWS of ORNAMENTAL DOMESTIC BUILDINGS, 

Executed in t^e CASTELLATED and OTHER STYLES, <m 32 I'lates, with Descriptitv Letter- 
presi, Inr^eAio^with the Platet tinted, 21. 2*. By R. LUGAR, Architect. Comprising 
Tillichcun Casiile, Dumbaitcmshire— Tillicheun Lodge, do. — Tillicheun Gardener's Cottage, do. — The llyci 
Lodge, Lktle H^ony, Essex. — Balloch Castle, Ardoch, Dumbartonshirc-^Denham Mount, near Uxbridg.— 
Holder's Jim Qottage. near Hendon— Weddingion Hall, near Coventry?— Cottage, Poultry-sheds, and Phea* 
santry, ^r the Earl of Cassilis, Ayrshire— The Rookery, Woodford, Essex— rBrandon^ Cottage. Warwick 
sbir&^Balloch A^bey. Dumbaitonshire-rRoae Hill Cottage, near Henley. 



DESIGNS FOR LODGES AND ENTRANCES TO PARKS, 

PADDOCKS, ajDd ^PLEASURE-GROUNDS, in the Gothic, Cottage, and Fancy Styles; with 
Characteristic Scenery,. and. Descriptions in Letter-press, engraved on 20 .Plates, large 4to. 11. It. 
hoordt, % T. D. W. tDEARN. 

SKETCHES IN ARCHITKITURE. 

Consisting of Original Designs for Cottages and Rural Dwellinga, suitable toPersons of moderate 
Fortune, : and for convenient Retirement : with Plans and appropriate Scenery to each : also 
8oroe.£eperal, Observations, 20 Plates, large Ato, UAs. hoards. By T. D. W: DEARIiT, Architect 

©ESIGNS ^OR AGRICULTURAL BUILDIN<5S. 

Includiiig :iAbourers' Cottages, Farm^kouses, and Out-offices, conveniently arranged around 
Fold-yaiyls, a^d adapted to farms of Tarious Sizes aod^Descriptions, to which -are prefixed an 
ESSAY on the LMPRaV EM ENT of the CONDITION of COTTAGERS; necessary Preliminary 
Information (illustrated by Woodcuts) for constructing Agricultural Buildings; and Explana- 
tions and: Observations on the several Designs : together with an Improved Field^gate, and 
Stand for a Com- rick. To which are added, Plans and Remarks on Caterham Farm-yard, as 
it formerly was, and also as it has been Improved, with 12 Engraved , Copper-plates of Plans^ 
Elevations, Views of Homesteads, S^c. 8fc. in 4to. U. Is. boards. By U»e late CHARLES 
WAIST£Ll<.,Es<q.,Ch^rman of the Committee of Agriculture of the Society of ArU. 

HINTS FOR DWELLINGS: 

Consisting of^Original ^Designs for Cottages, Farm-houses, Villas^ &c.. Plain and Ornamental, 
with Plans, in which, strict attention is paid to unite Convenience .and Elegance with Economy; 
including sonke,I>esigqa for Town Houses, M. Plates, in 4/o. U. Is. By D. LAING, Architect. 

FERME OBNEE ; OR, RURAL IMPROVEMENTS : 

A Series of DOMES^TIC and ORNAMENTAL DESIGNS, suited to Parks, Plantations, Rides, 
Walks, Rivers, Far.n:\8, .&c. ; consisting of Fences, Paddock-houses, a. Bath, a Dog-kennel, 
Pavillions, Farm-ya^s, Fishing-houses, Spor^g-boxes, Shooting-lodges, single and double 
Cottages, &c., on ZH^J^tes, 4to. ll. Is. By JOHN PLAWE, Architect. 

DECORATIONS FOR PARKS AND GARDENS. 

Designs for Gates, :^arden-seats, Alcoves, Temples, Baths, Entrance-gates, Lodges, Fa9ade8, 
Prospect-towers, Cattle<rsheds, Ruins, Bridges, Green-houses, &c. he. Also a Hot-house and 
Hot-wall, with Plans and Scales, engraved on 55 PlateSf 8vo. lOs. 6d. boards. 

DESIGNS FOR GATES AND RAILS SUITABLE TO PARKS, 

PLEASURE-GROUNDS, BALCONIES, &c. Also some Designs for Trellis-work, on 27 Svo. 
Plates, 6s. boards. By C. MIDDLETON. 

AN ACCOUNT OF THE MODE OF DRAINING LAND, 

According to the System practised by Mr. JOSEPH ELKINGTON, a New Edition, correctdi 
and enlarged; drawn up for the Consideration of the Board of Agriculture, irtM 19 Plates, in 
8to. 10*. 6d. By JOHN JOHNSTONE. Und Surveyor. 

The House of Commons voted an address, " That His Majesty woald be graciously pleased to give di- 
rections for issuing to Mr Joseph Elkington, as an inducement to discover his mode of draining, such sum 
4# His Mi^esty, in his wisdom, shall think proper, not exceeding the sum of £1.000 sterling." Itiita 
as hoped that the following report, with the annexed views and sections, will furnish the reader wiili Twy 
satisfactory mformation upon the subject of this art, and will sufficiently explain the various modes of 
land, whether practised by Mr. Elkington or others. 
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SMITH, FOUNDER, AND ORNAMENTAL METAL WORKER'S 

DIRECTOR; 

Comprising a Variety of Designs in the present taste, for Gates, Piers, Balcony Railings, Win*- 
dow Guards, Verandas, Balustrades, Vases, &c, with various Ornaments applicable to Works in 
Metal. In large 4to, 2/. 2«. Chiefly selected by L. N. COTTINGUAM, Architect. 

THE RUDIMENTS OF ANCIENT ARCHITECTURE; 

Containing a Historical Account of the Five Orders, with their Proportions, and Examples of 
each from Antiques : also. Extracts from Vitruvius, Pliny, &c., relative to the Buildings of the 
Ancients. Calculated for the Use of those who wish to attain a summary Knowledge of the 
Science oi Architecture. With a Dictionary of Terms, 1 1 Plates^ btk editiont 8«. boardt. 



A PRACTICAL TREATISE ON 

ECCLESIASTICAL AND CIVIL DILAPIDATIONS, 

RE-INSTATEMENTS, WASTE, &c., with an Appendix, containing Cases, Decided Precedents 
of Notices to Repair, Examples of Valuations, Surveys, Estimates, &c., 3rd edition, royal Svo 

I8s. board$. By J. ELMES, Architect, &c. 

^—*— <— — ^^— i^ ^—"^^^^ 

A TREATISE ON THE 

CONSTRUCTION OF STAIR-CASES AND HAND RAILS: 

Showing Plans and Elevations of the various forms of Stairs ; Methods of projecting the Twist 
and Scroll of the Hand-rail ; an expeditious method of Squaring the Rail ; general methods of 
describing the Scroll, and forming it out of the solid. Useful also to Smiths in forming Iron 
Rails, Strops, &c. JUustrated by 39 engravings, 4to, bound, I2s. By PETER NICHOLSON. 

THE STUDENTS INSTRUCTOR IN DRAWING, 

And WORKING the FIVE ORDERS of ARCHITECTURE; fully explaining the be* 
Methods of striking regular and quirked Mouldings ; for diminishing and gluing of Columni 
and Capitals ; for finding the true Diameter of an Order to any given height ; for striking the 
Ionic Volute circular and elliptical ; with finished Examples, on a large scale, of the Orders, 
engraved on 41 Plates, Svo, I0s» 6d, bound, a new edition. By PETER NICHOLSON. 

THE BUILDER'S POCKET MANUAL; 

Containing the Elements of Building, Surveying, and Architecture ; with Practical Rules and 
Instructions in Carpentry, Bricklaying, Masonry, &c. Also a Variety of Useful Tables and Re- 
ceipts, with Twelve Plates, 2nd. Edition, 5s. By A. C. SMEATON. . 

THE PAINTER, GILDER, AND VARNISHER'S MANUAL: 

Containing Rules and Regulations in every thing relating to the Arts of Painting, Gilding, an^ 
Varnishing ; numerous useful and valuable Receipts ; Tests for the detection of Adulteration 
in Oils, Colours, a neuj Edition, corrected, 2s, 6d., boards. By G. A. SMEATON. 

THE SAWYER'S READY RECKONER; 

Adapted to every Town in the Kingdom, 2s. 6d. sewed. By W. ROBINSON, Surveyor & Builder, 
Oentlemen and their Agents, and others, who have timber to cut under their own direction, will find 
these Tableik useful, and of easji application. 

KEITH'S COMPLETE MEASURER; 

Or, THE WHOLE ART OF MEASURING: being a plain and comprehensive Treatise on 
Practical Geometry and Mensuration, for the Use of Schools, and all Persons concerned in 
Measuring, Gauging, Surveying, &c., a new Edition, 5s. bound, 

HOPPUS'S TABLES FOR MEASURING; 

Or, PRACTICAL MEASURING MADE EASY, by a new Set of Tables, which show at 
sight the solid Content of any Kece of Timber; Stone, &c., either square, round, or unequal- 
sided, or the Value at any Price per Foot Cube ; with Observations concerning faieasurio 
of Timber by several Dimensions, 4^. bound. 

A SERIES OF DESIGNS, 

In th« Present Ttete fbr SHOP FRONTS, PORTICOES, and ENTRANCES to Buildings, 
Public and Private. This Collection is in the style and is adapted to advance the improved 
Street Architectare of the present day, 31 Plates, ito. 12s. boards. By J. YOUNG, Architect. 

DESIGNS FOR CHURCHES AND CHAPELS 

Including PLANS, ELEVATIONS, and SECTIONS; with some SKETCHES for Altaw 
and Pulpits, third Edition 44 Plates, in Ato. n. \s. By W. F, POCOCK, Architect. 
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FMUhei by M. Tatlob, 1« Wellington Street, Strand. 
THE HISTORICAL AND ARCHITECTURAL ESSAY 

ON REDCLIFFE CHURCH, BRISTOL, illustrated with 12 Engravings of Plans, Views, and 
Details; with Anecdotes of eminent Persons connected with the Church; Accounts of Monu- 
ments; and an Essay on the Life, Character and Talents of Thomas Chatterton, roycU Svo. I2s ; 
imperial 4to. H. U. A new edition, revised by the Author. By JOHN BRITTON, F.S.A. &c. 

A HISTORY OF THE ORIGIN 

AND ESTABLISHMENT OF GOTHIC ARCHITECTURE. 

Comprehending also an account, from his own Writings, of Caesar Csesarianus, the first pro* 
fessed Commentator on Vitruvius, and of his Translation of that Author — an Investigation of the 
Principles and Proportions of that Style of Architecture called Gothic — and an Inquiry into the 
Mode of Painting upon and Staining Glass, as practised in the Ecclesiastical Structures of the 
Middle Ages, 800. with II PUitet, 10<. 6d. By JOHN SYDNEY HAWKINS, F.S.A. 

VIEWS OF THE CHURCHES AND CHAPELS OF EASE, 

In the COUNTY of SURREY ; drawn on the Spot, and engraved in Lithography ; accompanied 
with an Account of their Chronology, Locality, and Antiquities, in 4to. with 150 Platetj 31. 3«. 
ka^-bound. By C. T. CRACKLOW, Architect. 

PAPWORTH'S EDITION OF A TREATISE ON THE 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

Itbutrated by 62 Plates, in imperial 4/o. 3/. 3«. To which are added Copious Notes, and an 

Essay on the Principles of Design in Architecture, by the Editor. 

By SIR WILLIAM CHAMBERS, K.P.S., late Surveyor- General of His Majesty* s Works, 4r<?. 

Thia Edition besides all the original Plates, hsA 9 New Plates, engraved to illustrate the very valaable 
Essay, by J. B. Papworth, Esq., upon Grecian Architecture. 

The character of tliis volume, as especially adapted for the use of the St-udent and Connoisseur in Archi- 
tecture, will be best understood by the subjoined abridged account of its contents : — 

Essay on the Principles of Design in Architecture, by J. B. Papworth, Esq — Of the Origin and Progress 
of Building— Of the Parts which compose the Orders of Architecture, and of their Proportions, Application, 
and Enrichments — Of the Five Orders of Architecture in general~-Of Pilasters — Of Persians wd Caiya- 
tides — Of Pedestal:} — Of the Application of the Orders of Architecture — Of Intercolumniations — Of Arcades 
and Archea— Of Orders altove Orders — Of Basements and Attics — Of Pediments — Of Balustrades — 01" Gates, 
Doors and Piers — Of Windows — Of Niches and Statues — Of Chimney-pieces — Of profiles for Doors, Win- 
dows, Niches, Chimney-pieces, dec. — Of Black Cornices and Entablatures — Of the Proportion of Roomie— 
Of Ceilings, dec. ^. Ace. With numerous Critical Notes and Illustrations by the Editor. 

A PORTRAIT OF SIR W; CHAMBERS, ARCHITECT, &c. 

The Surveyor-General of the Board of Works, and Author of a Treatise on the Decorative Part 
of Civil Architecture, from st Drawing in 4to, bs. By G. DANCE. 

THE RUDIME nT^ OF A RCHITECTURE, 

PRACTICAL AND THEORETICAL. With 17 Plates of the Orders, theh: Parts, Proportions, 
ate. royal %vo. a new edition, 12*. bound. By JOSEPH GWILT, F.S.A* 

Comprising: — Section I. — MaieriaU employed in Building. — ^Timber — Stone and Flints — Bricks and 
Tiles — Slates — Lime— Saiid, Water,.and Cement-^GIass — The Metals. 

Section H. — Method of combining the principal Materials. — In Foundations — In Stone Walls — In 
Brick Walls and Bond — In I<looring — In Roofs — In Arches of Equilibrium — In Piers. 

Section III. — The Orders — ^Parts of anX)rder — Profile of an Order — Tuscan Order — Doric Order — lonio 
Order«MCorinthian Order — Composite Order — Height and Diminution of Columns and their Entablature- 
Pilasters— Pedestals — Intercolumniations, dec. — Arcades and I^ers— Basements and Attics — Pediments and 
Balustrades— Gates and Doors — ^Proportions of Rooms, &c. — Staircase^*- Vaults, Groins, and Domes — 
Abuses — Design. i 

Section IV. — Cursory View of Ancient Architecture. 

Section V. — Dictionary of Technical Terms used by Architects and Artificers, and Foreign Measures 
of Length. _^_ 

SCIOGRAPHY; OR, EXAMPLES OF SHADOWS; 

IT^th Rules for their Projection ; intended for the Use of Architectural Draughtsmen, and other 
Artists, 3rd edition, with considerable Additions and Improvements, Svo. with 24 Plates \0s, 64. 
boards. By JOSEPH GWILT, F.S.A. 

AN ESSAY ON THE DORIC ORDER OF ARCHITECTURE; 

Contuning a Historical View of its Rise and Progress among the Ancients, with a Critical 
Investigation of its Principles of Composition, and Adaptation to Modern .Use, on 7 Plates% im* 
ferial folio, \l. Is., neatly half -bound. By J. AIKEN, Architect. 

OBSERVATIONS ON^ STYLE IN ARCHITECTURE, 

With Suggestions 00 the best Mode of Procuring Designs for Public Buildings, and Promoting 
Uie Improvement of Architecture ; especially in reference to in the Report of the Commissioners 
em the Designs for the New Houses of Parliament, Svo. U. 6rf. By JAMES SAVAGE, Architect. 
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